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An A-mode ultrasound unit was used to investigate how the principal 
refractive surfaces of the eye changed during the act of accommodation. 
Sixteen volunteers took part in an investigation where changes were 
studied in both the cyclopleged and noncyclopleged state. Measurements of 
axial length, anterior chamber, lens thickness, and vitreous chamber depth 
were made at three different accommodation response levels over time. 
The results showed no significant change in axial length or vitreous 
chamber depth of the eye from cycloplegia to any accommodative response 
level. The depth of the anterior chamber and thickness of the lens showed 
significant changes at each of the three accommodative response levels. 
These results are consistent with the Helmholtz-Fincham theory of 
accommodation. 
This study also demonstrated the time course of action of two drops of 
1 °/o cyclopentolate with full cyclopentolate cycloplegia reached between 
35 and 45 minutes for subjects with dark irides. 
1 
INTRODUCTION 
Accommodation is defined as the function whereby the converging 
power of the optical system of an eye is increased so that light diverging 
from a near source may be brought to a focus upon the retina.5 It is one of 
the most dynamic physiological events of the human visual system. The 
evaluation of this dynamic system, and the structural changes which occur 
with accommodative activity are important to understanding the focusing 
process itself, as well as enabling an appreciation of its contribution to 
the visual system. 
The purpose of this research project was to study the accommodation 
function of the human eye by evaluating how the principal refractive 
surfaces of the eye change their positions during the act of 
accommodation. Of specific interest was whether the axial length of the 
eye changed with accommodation. Earlier reports claimed an increase in 
axial length of some eyes, a decrease in others, and no change in the 
remainder. 22 •23 •24 Also of interest was the possible role that could be 
ascribed to the vitreous in accommodation by evaluating any change in the 
vitreous chamber depth with accommodation. These changes were studied 
with the application of ultrasonographic biometry in both the cyclopleged 
and noncyclopleged state. Measurements of axial length, anterior chamber 
depth, lens thickness, and vitreous chamber depth were made at four 
different accommodation response levels over time. 
A-mode ultrasonography allows objective quantification of the linear 
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dimensional changes which occur with various accommodation response 
levels. A-mode ultrasonography, also called time-amplitude 
ultrasonography, provides a means by which ocular distances may be easily 
and accurately measured. The linear display on a monitor screen is 
converted to a distance based on the time requ ired for an ultrasound beam 
to travel through the given medium. A printout or photograph can be 
obtained as a hard copy of the values. 
A-mode ultrasonography can also be used to document the time course 
of cycloplegia. In this study, measurements of the time relationships and 
magnitudes of changes in the axial dimensions of the globe, and refractive 
surfaces were made as the eye fell under the influence of two drops of 
1 °/o cyclopentolate hydrochloride. 
HISTORICAL PERSPECTIVE 
Prior to the 17th century, the predominant theory of vision was that of 
the Arab philosopher Ibn ai-Haitham. He maintained that the lens was the 
sensitive organ of the eye, and that a visual cone of rays extended from 
the object to the sensitive front surface of the lens. The rear surface of 
the lens served as a refracting surface to preserve an erect image which 
was conveyed to the brain by way of the optic nerves.11 
Plater (1583) proposed it was the retina and not the lens that was the 
sensitive organ in vision. But, it was not until early in the 17th century 
that Kepler realized that because images were focused on the retina, there 
was a need for an accommodation mechanism. 
In 1619, Scheiner used a double pinhole to show that the eye changed 
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its dioptric power when it viewed a near object.20 He was also the first to 
describe the concomitant pupillary miosis that occurs with 
accommodation. 
In 1671, Descartes first suggested the concept of a change in the shape 
of the lens with accommodation. But, because he wasn't able to produce 
evidence, his hypothesis was not univ~rsally accepted. 
It wasn't until 1801 that Young emphasized the importance of the lens 
in accommodation. Young maintained that accommodation was not 
secondary to a change in corneal curvature, and that there were no changes 
in the axial length of the eye with accommodation, a theory very popular 
prior to 1800. In 1823, Purkinje used the catoptric images of the eye to 
demonstrate the changes that take place in the various lens surfaces 
during accommodation. 
Bowman, and Brucke in 1847, showed the presence of the ciliary 
muscle, and in 1850, Helmholtz, using an ophthalmometer, noted the radius 
of the posterior lens surface decreased slightly with accommodation 
compared with a much larger decrease in the anterior surface. From these 
discoveries evolved several of the more recognized theories of 
accommodation. 
Helmholtz, noting that the thickness of lens increased with 
accommodation, maintained that the lens was elastic, and held under 
tension by the suspensory ligaments attached to the ciliary muscle in the 
relaxed eye. When the ciliary muscle contracted, the zonule of Zinn 
relaxed, and the front surface of the lens moved forward towards the 
cornea. This theory, referred to as the Decreased tension theory, has been 
the most commonly accepted explanation of the accommodative 
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mechanism. 
Cramer hypothesized that the contraction of the ciliary muscle caused 
choroidal traction which pushed the vitreous forward against the back of 
the lens. Pushed against the miotic pupil, the anterior surface of the lens 
changed its shape by bulging forward.25 
Tscherning didn't believe in the elasticity of the lens. He felt the lens 
had two parts: a nucleus which could not change in shape, and a 
superficial, 'accommodative layer', which could. 13 His first theory in 1895, 
called the Increased tension theory, held that the lens was at rest when 
unaccommodated, and not under tension from the zonule. When the ciliary 
muscle was contracted, the cortex was pressed against the harder nucleus 
resulting in a steeper curve in the center of the lens. This was not widely 
accepted because it contradicted the fact that the lens increased in 
thickness with accommodation, and was later rejected in favor of the 
decreased tension theory. 
In 1909 Tscherning and Pflugk modified the first theory. 13 This theory 
accepted the increased lens thickness with accommodation. The new 
theory maintained that the ciliary body moved forward producing tension 
on the zonule and bulging of the anterior lens surface. It was held that the 
peripheral anterior surface of the lens did not change its shape, and, in 
fact, it acquired a slightly concave zone from the iris and anterior 
chamber pressure. 
In 1925, Fincham introduced his capsular theory which added the effect 
of the lens capsule to Helmholtz's theory. 12• 13 He examined the elasticity 
and anatomy of the lens capsule, and claimed that the thickness varied 
across the surface. He hypothesized that when the eye accommodated the 
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ciliary muscle contracted reducing the tension of the zonules on the 
capsule. This exerted tension on the lens substance causing it to change 
its shape. Fincham maintained the different thicknesses of the capsule 
were responsible for areas of greater or lesser bulging. 
Fincham noted and photographed the increase in lens thickness, the 
decrease in anterior chamber depth, and the decrease in equatorial 
diameter with accommodation. He also noted the effect of gravity on 
accommodation - that the. amplitude increased when the head was held 
forward and vision directed vertically downward. Fincham explained 
presbyopia by stating that the lens simply became more rigid with age, and 
that the ciliary muscle didn't lose its power as was stated by Helmholtz. 
In 1962, Weale claimed that both the lens and lens capsule were 
elastic. He felt that it was the elastic, "restoring" forces which kept the 
lens in its relaxed, unaccommodated form. These elastic forces of the 
lens, along with the elastic tissue of the ciliary body, are opposed by the 
elasticity of the lens capsule. In the young eye the elastic forces of the 
capsule are greater than the lens, but the reverse is true with the 
pr~sbyope. With increased age the ciliary body increases in thickness and 
the lens increases in diameter. This produces a decreased tension of the 
zonules, and a corresponding reduction in the amplitude of 
accommodation.26 
Coleman in 1970, emphasized vitreous forces to produce changes in the 
lens shape during accommodation. He showed that the base of the vitreous 
is attached to the ciliary epithelium at the ora serrata, and the lens is 
also attached to the vitreous forming a ring along the posterior lens 
surface. Coleman felt that a relative pressure gradient existed between 
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the vitreous and aqueous compartments during accommodation.3· 8• 10 
In 1967, Patnaik reported that during accommodation the increase in 
the thickness of the anterior cortex was small, the increase in the 
posterior cortex was greater, and the nuclear thickness change was 
greatest. 21 These same findings were reported in 1973 by Brown who 
noted differences in the elastic properties of the lens nucleus and cortex, 
as well as size changes with age. 7 He stated that with accommodation, 
the nucleus got thicker and the cortex formed around it to cause the 
change in shape of the lens. During accommodation the anterior pole moves 
forward and the posterior pole moves backward to a smaller extent, with a 
relative forward movement of the geometric center of the lens. Brown 
noted the development of the anterior lenticonus was age dependent, being 
most marked at 29 years, and related to the nucleus of the lens. He 
questions the function of the lens capsule as he found no local thickening, 
but even and progressive thickening from the pole to periphery. He, 
furthermore, noted no changes in the lens capsule on accommodation.6 
In 1983, Koretz et al, confirmed Brown's findings, and further narrowed 
the locale of the increase to the anterior nucleus.19 They found that the 
thicknesses of the anterior and posterior cortical regions remained almost 
unchanged over the entire accommodative range, and that the anterior lens 
capsule shows no variation with the level of accommodation . They 
reported that the vitreous did play a supporting role in accommodation. 
Koretz also explains the deformation of the lens with accommodation 
as being due to the redistribution of a small amount of lens cytoplasm in 
each fiber. While a single fiber would have little effect on the overall 
shape, the additive effect of this redistribution would be significant. 
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ULTRASONOGRAPHY ASA TOOL TO STUDY ACCOMMODATION 
The use of ultrasonography in optometry and ophthalmology began in 
1956 when Mundt and Hughes employed it to detect intraocular tumors in 
humans. Since then it has become a standard piece of diagnostic equipment 
because it "provides highly detailed cross-sectional images of ocular end 
orbital morphology in a rapid, noninvasive manner that poses no 
significant threat of tissue damage." 9 
Ultrasound can be used by the examiner to study ocular and orbital 
anatomy, disease processes otherwise not visible, and time histories of 
tissue motion (M-mode). The most common use of ultrasonography in the 
eye, however, is the measurement of ocular dimensions - ocular 
biometry.9, 10, 14, 15, 16, 11, 18, 23 
The two principal uses of ultrasonic biometry in the clinic are: 1) axial 
measurement for anatomic or physiologic studies such as introcular lens 
power determination, and 2) morphologic assessment for comparative 
studies such as the growth of intraocular tumors. 9• 16• 18 
Radiographic methods have been developed and used to measure the 
globe length. There are concerns, however, regarding the danger of 
radiation damage to the lens and retina. Another concern for radiographic 
techniques is the subjective endpoint used to estimate the posterior pole 
position. Much more accurate and safe measurements can be made with 
A-mode ultrasonography. 
Studies have also been conducted using phakometry to measure anterior 
chamber depth, lens thickness, and axial length.20 ·29 This method, utilizing 
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photographs of the Purkinje images, was determined to be less precise and 
clinically efficient than ultrsonographic techniques in measuring 
depth. 21,29 
A-mode systems are most commonly used m ultrasonic biometry. 
Binkhorst extols their use in calculating the power necessary for 
intraocular lenses.4 Indeed, ultrasonography is the most commonly used 
method for the presurgical specification of the dioptric power of 
keratoprostheses and intraocular lenses. Other uses include studies of 
anterior chamber depth and lens thickness in patients with glaucoma, and 
the effects of Pilocarpine on the anterior chamber depth and lens 
thickness. 1 
The application of ultrasonographic techniques to study the 
accommodation system prompted Coleman to propose a new model for the 
accommodative mechanism.8 His findings led him to propose a theory 
emphasizing the role of the vitreous in accommodation. Coleman 
documented the forward movement of the anterior lens surface without 
significant position change of the posterior lens surface, and attributed 
this phenomenon to the vitreous pressure exerted on the back of the 
lens.8• 10 
Coleman also noted the vitreous chamber lengthened in some cases, 
shortened in others, and remained unchanged in the remainder. These 
results prompted Storey to further evaluate the human accommodation 
system with ultrasonography.22. 23, 24 
Storey found in a group of high myopes that during accommodation 
there was a greater change in the axial length of the eye, especially in 
vitreous chamber depth. He also made note of a greater axial expansion of 
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the crystalline lens per diopter of accommodation in high myopes (-4 to 
-11 ), and concluded that it was "less efficient" than a near-emmetropic 
eye.24 
Beauchamp questions these results. His research confirms the general 
outlines of the von Helmholtz-Fincham hypothesis of the primacy of 
anterior surface changes in accommodation.2 He notes, however, the role 
of the posterior lens surface in accommodation is nonnegligible, but that 
the movements made take place "largely unimpeded by the vitreous." 
In the present study, A-mode ultrasonography was used to estimate the 
changes in the thickness and position of the major refractive elements at 
four different accommodative response levels. In addition, the same 
techniques were used to study the time course of cycloplegia. 
METHODS 
Sixteen subjects (S) between the ages of 18 and 31 were chosen for the 
study. All of the Ss were in excellent health, taking no medications, with 
no known allergies to any of the solutions being used, had no personal 
history of ocular disease, and had dark brown irides. Each had received a 
complete optometric examination immediately preceding the study and all 
were classified as having healthy ocular and visual systems. This 
classification was granted by virtue of their lack of ocular disease, and 
complete lack of distance and nearpoint symptoms, with tests of 
accommodation and convergence function falling within normal limits. In 
addition to the standard optometric findings, Bell retinoscopy was 
performed to determine the distances 6/6 letters needed to be presented 
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in order to obtain 1, 2, and 3 diopter responses from the Ss. This was done 
monocularly as well as binocularly to assure equal accommodative 
responses in each eye. The phoric posture at each of these distances was 
measured and recorded. 
Five of the Ss were emmetropic, ten were myopic, and one was 
hyperopic. All of the Ss were correctable to 6/6 in both eyes. Suitable 
corrective lenses were worn before the fixating eye during data collection. 
All A-mode ultrasonograms were obtained with the Ultrascan® Digital 
8™ System IV from CooperVision utilizing the ELP-48 A-scan probe. This 
is a tonometer mounted probe with a 10 MHz frequency crystal capable of 
60 mm penetration and 0.2 mm axial resolution. This probe was mounted in 
an AO™ Goldmann Tonometer on an AO™ Biomicroscope base. (Figure 1) 
While the manufacturer stated 0.2 mm axial resolution, statistical 
analysis of the distribution of multiple readings showed an improved 
resolution of 0.1 mm. This enabled measurements to accurately reflect 
changes as small as 0.25 D. (Appendix I). 
After the ocular and visual evaluation, each S was anesthetized with a 
drop of 0.5% proparacaine in both eyes. This was done to eliminate the 
blink reflex when the test eye was touched, and to minimize any blinking 
in the untested eye that might occur as a result of corneal dryness. The 
ultrasound probe was kept suitably moist throughout the procedure with 
irrigating solution. The S was seated comfortably behind the ultrasound 
unit and positioned using standard tonometry techniques. The S was then 
asked to adjust the mirror system so the targets could be viewed easily at 
each of the four test distances. The transducer was pre-aligned with the 
pupil of the eye both horizontally and vertically using the biomicroscope's 
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joystick, and the probe was then brought slowly into contact with the S's 
cornea. 
When the probe made contact with the cornea, the monitor displayed 
the characteristic A-scan echo pattern with peaks corresponding to the 
cornea, and both lens surfaces, the retina, and the sclera. When the beam 
was aligned on the ocular axis, and the axial length measurement was 
stable, the instrument displayed an asterisk next to the measurement, and 
gave an audible tone to signify a "valid" scan. Often a "valid" scan did not 
have maximum peaks, but careful alignment of the ultrasound beam with 
the joystick allowed maximization of the echoes. No measurement was 
accepted in the study that did not display the unit designation of valid, and 
did not have maximum echo patterns. 
The valid scan pattern was frozen on the screen by either depressing 
the footplate, or the FREEZE key on the front panel of the unit. At this 
time, the values were recorded, the scan unfrozen, and the next 
measurement taken. 
The first series of measurements (Part I) were taken under 
noncycloplegic conditions. The S was first instructed to view the distant 
target (a Snellen Chart) and encouraged to concentrate on the 6/6 row of 
letters while the readings were being obtained. Five valid readings were 
taken at this distance and then the examiner presented the S with a 
nearpoint card at the 1 diopter response distance. Again, the S was 
encouraged to concentrate on the letters as five valid measurements were 
obtained. The same procedure was used for the 2 and 3 diopter responses. 
The second series of measurements (Part II) were taken as the S 
underwent cycloplegia. An additional drop of anesthetic was instilled, 
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followed, 5 minutes later, by two drops of 1o/o cyclopentolate. Five 
readings for each of the four accommodation response levels were taken at 
5, 15, 25, 35, 45, and 60 minutes using the same techniques and criteria 
as described for the noncyclopleged measurements. 
At the conclusion of this phase, the S was evaluated for corneal 
abrasions, and given a glaucoma check.The S was advised of the signs and 
symptoms of acute closed angle glaucoma, and dismissed with 
instructions to return should (s)he experience any of the symptoms, or any 
severe pain whatsoever. 
RESULTS 
The results for Part I, the changes in ocular dimensions under 
noncycloplegic conditions, are summarized in Table 1. These data show no 
significant change in the axial length (Tza) of the eye from cycloplegia to 
any accommodation response level. (Figure 2). 
The depth of the anterior chamber (Tac) and thickness of the lens (TI) 
showed significant changes at each of the three accommodative response 
levels. The anterior chamber became progressively more shallow with 
accommodation, and the lens progressively thicker, both as expected. 
(Figure 2) I found no posterior displacement of the lens with 
accommodation. While I did find a difference between the thickness of the 
lens with cycloplegia, and in a "relaxed" state, unlike the results obtained 
by Beauchamp, I did not find it to be significant. 
I also could not confirm Storey's findings of a greater increase in lens 
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thickness per diopter for high myopes. The comparison of the findings 
between five myopes with refractive errors greater than four diopters, 
and eleven low myopes and emmetropes can be seen in Tables 2 and 3, and 
Figure 3. The changes in the anterior chamber depth and the lens thickness 
between the two groups are almost parallel. (See Appendix 4 for data 
summary). 
One S, number six, showed an interesting accommodative pattern. The 
axial length and lens thickness remained essentially unchanged, with the 
anterior chamber steadily decreasing, and the vitreous chamber showing a 
corresponding increase. It appears that this subject's accommodative 
response involved the forward displacement of the lens alone. 
Except for the foregoing single subject, the depth of the vitreous 
chamber (Tvc), like the axial length, showed no change with the increased 
accommodative response levels. 
The results of Part II, changes in ocular dimensions over time as the 
eye falls under the influence of two drops of 1% cyclopentolate, are 
summarized in Table 4. These data show a gradual decrease in the degree 
of change in the accommodative components until full cyclopentolate 
cycloplegia at about 45 minutes. The greatest changes occur prior to the 
25 minute measurements where the slopes begin to flatten out. (Figure 4) 
There are no changes in the axial length whatsoever. The changes that 
occur in the anterior chamber, and lens show the greatest variability prior 
to the 35 minute readings, but do show some slight changes even up to 
60 minutes into cyclopentolate cycloplegia. The vitreous chamber shows 




This study is consistent with the Helmholtz-Fincham theory of 
accommodation. As with their research, we found that during 
accommodation in the young eye the anterior chamber becomes more 
shallow, and the len increases in thickness. The ultrasound measurements 
showed none of the changes in axial length or vitreous chamber depth at 
any level of accommodation, as reported by Coleman, and Storey. The 
findings also showed no movement of the posterior lens surface away from 
the cornea as reported by Beauchamp. 
These results support a model in which the vitreous plays no part in 
accommodation. 
This study also demonstrates the time course of action of two drops of 
1% cyclopentolate hydrochloride. The effects of the drug are fairly rapid, 
being seen in the first five minutes for the two and three diopter 
accommodative responses. Full cyclopentolate cycloplegia is seen between 
35 and 45 minutes for dark brown irides. As with the findings in Part I, 
the changes were in the lens and anterior chamber with no changes found 
in the axial length or vitreous chamber depth. 
Variability of Ultrasound Biometric Measures 
Several possibilities exist to explain the differences between the 
results obtained in this study and those obtained by Coleman and Storey. 
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Among the possibilities is the level of instrument accuracy claimed. While 
the instruments used by these researchers may allow accuracy to the 
0.01 mm level on static models, too many variables exist to make a claim 
of this resolution possible in biological systems. 
Small eye movements can result in rather large measurement errors. 
Beauchamp 2 noted that eye movements as small as 4° could result in 
errors of more than 0.10 mm. Breathing, and small involuntary body 
movements can also cause peak shifts, resulting in apparent dimensional 
changes. 
Variability in the pressure of the probe to the cornea can also result in 
shifts of the A-scan peaks leading one to believe a change in the axial 
length has occurred when, in fact, none has. Any movement of the 
tonometer base to which the probe is mounted can cause up to 0.1 mm 
measurement differences. The effect pharmacueticals and repeated 
measurements have on the lOP, and the resulting differences in ultrasound 
measurement have not been assessed or documented. 
Until such variables are controlled, it will be difficult to make claims 
of axial resolution much beyond the 0.05 mm range, and conclusions drawn 
from data purporting finer resolution are tenuous at best. 
16 
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......................... l.~-~~-~-~~ .. !!,P?.~.~~-~ --~-~~-~~-~~!.!~ .. : ... ~Di~!!!~.!. .. ~f. .. ~ .. ~ .. ?.!I.~.~~P.!.~~~~~~.! .~.~~~ . .I~!!!.!. .................. j ......................... ! ........................  
: : : : : : : : : 
uoooooooououuooooooo o~oonoo ooooooooouo ooooooo1oooooohoooooooo .. ooooooo1 ooo ooooooooooooouoooo o oolooooooo .. oooooooooouoooofooooooooouooooooooooooootooooooooooouooooooooooootoooooooooooooooooooooouolou•oooouooooooooooooooolouuoooooooooooooo•oo••o 
1 1 ' 1 T'imt- · 60 mine ; : : : :=::::::l:::=:=::~:~;:;:~~~:::~:::::::I::=::::·'3::::~::::E.:: ~i~\;~~:~!~~~:~:=:=t=:=::::::: 
1 ! I I ; t S 1 I 
.,.,,. 00 ,.,. 00 ._,,,. 00000;,,,,,,, 00000000,, , , , 0,,,,i,._,,._,. ... .,, 000,.0000oiuoooooo oo"•'•"'''''' ' uiooooooooo o oooooooo oooooooiooooo o.,uoooo••oooooooo.ioo oooooooOOOIOOHOuoooooiooooOooooooooooooooooooo.iooohoHoooooo"'''""''"'i'''"'''''"''"''"''' '' '' 
.... ~~-~~j~.~t .. L ................ ~.~~-~~~~-~:?.~.~~!.! .. ~.~.L .............. L. ...................... L ....................... L ................ ~.~~.?.~~~-~:?.~.~-~.J.~.t ............. .L ..................... .. 
I 0 I 1 S 2 I 3: I 0 I 1 I 2 I 3 
.......................... ! ......................... i......................... ! ......................... ! ......................... ! ........ -................ j ......................... ! ......................... ~ ......................... ~ ........................ . 
i i i i : i i i i 
::::=::::~:::::::::t::::9.~9.:::::::::t::::::9T:::::::t:::::9.:.§:::::::::t:::::1I:::::::t:::::::::::::::::::=::t::::::9~9.::::::::::t:::::9.Ji.::: :::::::t::::::9.~:9.::::::::::t:::]~J~:::::::::: : 
3 i 0.0 ! 0.0 i 0.0 1 0.0 ! ! 0.0 i 0.0 i 0.0 i 0.0 
:::::::::~:::=::=r:::::9.~:9.::::::::r:::::9.~:9:::::::::::c:9.I:::::r:::::9.~P.::::::::::c:::::::::::::::::::T:::::9.;.9.:::::::::r:::::9.xr::::::c::::[9.::::::::::c::9.I::::::::: 
5 i 0.0 i 0.1 i 0.1 i 0.0 i i 0.0 i 0.0 i 0.0 i -0.1 
::::::::::::~:::::=::r::::9.:.:9.::=::::=~:::::::9.~:9.::::::::::r::::I9::=::::::r:::::9.~9.::::::::~r.::::::::::::::::::::::::r:::::9.~9.::::::::::r::::1P.:::::::::::r::::::9.:.:9.:::::::::r:::::9.:.§:::::::::: 




13 i 0.0 ! -0.1 i 0.0 i 0.0 ! i 0.0 i 0.0 i 0.0 i -0.1 
:::::::::B:::::::::::c::::9.:~9.:::::::::r:::::9.~:9.:::::::::r:::::9.I::::::::c::::9.:.~!::::::::::r::::::::::::::::::::::r::::§:9.::::::::::r::::I~9.:::: :::::::r:::: :9.~:9.:::::::::r::::::9.;:c~: :::: 
15 ! 0.0 i 0.0 i 0.0 i 0.0 i - i 0.0 1 0.0 i 0.0 i O.Ct 
::::::::I~:~:::::::c~~Q.;.9:::::::::T:::::Q.~:9.:::::~::r:=:9.:.:q::~~::~r:::::P::P.:::::~~T:::::::~:::::::::::::::c~::9.:.:q:::::::::::c:::P.:;:c::::::T:~~:9.:I:::::::::r:::~::~rr:::::::: 
:~~::::::::t~=~::t:::::::::j::.::~:t~===~~;~::::::::::t=:=-::::.:.i:=:::::::~::J::::=::::=J=:=:=::::= 
! i C. lens: l ! ! 1 D. Vitrt>ous: Chambt>r 1 
:~~~~:t=t~~~~~~~~~~~!:~~~:~:t:~_::~~:~:~r;:~-~~]:~~~~~~~~~{~~?~:~~t~}:~:~~~-~ 
:::::::::::~::~:::::r:::::~~z.:::::::::r:::::~~K:::::::J::::::~::~:::::::::::r:::::~~~:::::::::::E::::::::::::::::::::r::::::~~~::::::::::r::::~~:s.:::::::~:r::::~:s.:::::::::r::::~:J:::::::::: 
4 ! 0.0 1 0.0 1 0.0 l 0.0 ! l 0.(1 l 0.0 ! 0.0 ! -0.1 
Appendix 1 .. Statistics·for random number generator 
Appendi;.: I 
In order to improve the axial resolution of the ultrasound findings, 
multiple reedings were token ond o stotisticol f!nljlysis of the distribution 
made. This involved writing a progrorn on the 1Bt1 PCAT wtrich would 
generate, and statistically analyze three findings grouped in a random 
pattern. 
Program ond Results: 
10 RANOOMIZETIMER 
20 0 I t1 MEANS (500) 
30 INPUT "INPUT THE N";N 
40 FOR I = l TO N 
50 z = 0 
60 FOR J = 1 T 0 3 
70 X = RNO (3) 
80 IF X < 0.333 THEN V = 25.43 
90 · IF X >= 0.333 AND X < 0.666 THEN Y' = 25.44. 
100 IF X >= 0.666 THEN V = 25.45 
110Z=Z+V 
120 NEXT J 
130 X 1 = Z/3 
140 X2 = X 1 "2 
150 V 1 = V 1 + X 1 
160 V2 = V2 + X2 
170 NEXT I 
180 MN = V 1 /N 
190 SO= SQR (((N * V2) - (V 1 "2))/(N * (N -1 ))) 
200 SO 1 = MN - SD: 502 = MN + SD 
2.10 PRINT MN;" ";SOl;" ";SO;" ";SD2 
220 END 
MEAN MEAN - 1 STD DEV STD DEV 
25.44104 25.43297 Ei .068715E-03 
25.43917 25.4311 8.068715E -03 
25.44063 25.43256 8.068715E -03 




Appendix 2 - Data for noncyclopleglc conditions with summary (Part I) 

Appeondix 2 
~~i~1;~~ ~:~-:r~;;~ ~:1 :: :;::::::~r:::.:~=. ;~r;:~~:~~:::.J:.:~:;:~: ::];~~~:~~;:r:::;::::~J:_=; :::; :-
:Tn :Tac :n :Tvc : : : : : 
ooooo o ooooo ooooo oooooooo o~••-•••••••• •:.:,;• •••n• ••;••• ouooo oo •;.:.,., ooo oo oo ~·• • • • • •• • • • •• • • ••••••••••~• •• • •••• oooo "'''''' 0 • 0 ' •I•• 0000 •• • •••••ooouooooo•~•••••••••• ,.oooooooououo~o ooooooooooooo ... ouou•••~oo;oo.oooo-ooo o o ooouoooiooooo ooooooo ooooooooo uoo 
1 ; 23.i : 3.L : 3.6 : 16.9 : : : : . ; 
oooooooooooooooooooo•••••:••••oooo oo u•••••••••••••:••••••••••• • ••••••••••• .. :••ooootoo•Ooooooooooooooo:••••••••••••••••••o••••••:••••ooooooooooooooooooooo~ooo•Oooooooooooo••ooo•no:uooooooooooouooooooooo•:•••••uoooooooo•OOooooooo:o•o•o•o•o•ooooooooo~ooooo 
2 ! 24.5 l 3.8 ! 3.5 l 17.3 i i i ·. i l 
············i··········-r·····2···2····9············=~·······3····i······ ..... , ....... ;··a·············=·······1··s····a····· ······:·························=·························:··············· .. ········j·················· ....... , ........................ . 
,;) : . 1 ..... 1 "'· l . l l i : . : :~~:~[iJ~~ii:~~r:n::::~~r:l;t~I::l.l~:~~~--: : ~:~~r:-:~:~:_:::.l~::::~:~~l==:~~~~~I~:-~:::.:~ 
7 ! 24.2 l 3.7 l . 3.4 l 17.1 l l l . l l ::::::::::::f:::::::r:::~:~:~::::::::r:::::~;.~::::::::::r:::I:~:::::::::r::It~::::::::r::::::::::::::::::::::r::::::::::::::::::::::r::::::::::::::::::::::r::::::::::::::::::::::r::::::::::::::::::::::: 
9 : 23.5 : . 3.7 : 3.5 : 16.3 : ; ; : : 
uunoouuoooooooooooo:on ooo oooohouoooooooooo:oooooo;oooooooooooooooooo:oooooooooooooouoooo ooooo:ooooooooooooo oo•• • •••••••:•ooooo•ooooouo ooooo ooooo:oooooooooooooooooooo•uo.o!ooooooooooooooooooooooooo:ooo.oooooooouoooooooooo.oo:ooooooooooooooooooooooooo 
1 0 i 27.1 i . 3.7 i 3.5 i 19.9 i l . i . ! i. 
:::::::::n::::::::::::c:::?~;~::::::::r:::]A:::::::::r:::::~~:~::::::::::c:::r~;~:::::::::c:::::::::::::::::::::r:::::::::::::::::::::::c::::::::::::::::::::::r:::::::::::::::::::::::r::::::::::::::::::::::: 
12 [ 262 i 3.5. i 3.7 i 19.(1 i l i j i 
::::::~:r~:::::::::::r:::::~:~:;~:::::::::c:::::~:.:r:::::::::c:::::~~:~:::::::::::c:::r?.:;?.::::::::r::::::::::::::::::::::r:::::::::::::::::::::::c~::::::::::::::::::::c:::::::::::::::::::::r::::::::::::::::::::::: 
......... t~ ........... L. ... ~.~.:~ ......... L. .... ~:;? ... ; ...... .L ..... ~ ... ~ ........... L. ... t~.:~ ......... L. ...................... L. ...................... L. ...................... L ....................... L. ..................... . 
........ .L~ ........... L. ... f.~.:~ ........ .L .... } .. ?. ........... L. .... ~:.? .......... .L ... J~.:?. ........ .L ........... ........... .L ...................... .L ....................... L. ........... ........... L. ..................... . 
16 l 23 .9 l 3.8 l 3.6 ; 16.4 l l l . l l 
OOOU000-00 OooUooOooo 0·~· 00 00 000000 0 0 0 00 0 0 0 UOOOo~OoOoOoO 0 U~o 00 oooO 0000 00 o~ 0° 0000 00 0 00 0 00 00 0 0 OoOoOoo ~•oooo oo oo Oo o • 0 0 oOOOOOOUO~ I 0 00 00 00 00 Oo o o ooo o.o 0000 OO~U 06U •• oon •• 0 0 00 00 0 0 aoo~O Oo 0 0 oo.Ooo o o ooo• •o ....... ,.. ~" 00 •o Uoo• n 00 00 00000 ••.u~o ...... 00 o 0 00 o o o oo o o oo 00 0 0 
I T I I I t I I 1 
AXIAL LENGTH 
Seve.: ctf: Swn of Squirts: Htan Sqtwt: f-tK1: Pn'M: 
BttvHn ~jPcts 15 149..8 10 10649.9 1-M-4 
Yithin ~jtcts 64 £-M-2 9.38E-4 
tTtatmtnU 4 l.ocl-3 1.75£-3 2 .1089 
rtsicMl 60 5.3£-2 8.83£-4 
Tot•l 79 149..8 
•(q): in: Std 0. v. : Std Err or: 
Tzi 16 24.3 1.4 3~-1 
tu 16 24.3 1.4 3!1-1 
1Zi 16 24.3 1.4 3~-1 
2n 1£ 24.3 1.4 !.6£-1 
3n 16 24.3 1.4 3~-1 
tAlmparisor : Htan l>iff.: F isMr Pl.SI> : ~ffe F -tffi: IM!nftt t: 
Tz& n. tu 1.25E-2 1.76£.-2 3!1-1 12 
Tzi vs.1zi -1.25E-2 1.7££-2 3.5£-1 12 
Tz& n. 2n -6.25E-3 1.76£.-2 8.8£-2 5.9£-1 
Tzi vs. 3u -1.25E-2 1.76£-2 3.5[-1 12 
tuvs.1u -2.50E-2 1.76£-2* 1.4 2.4 
AKIAL lfNOTH 
OM FMter IMJYA ..... •W tt.HWH fw X1 - Jb 
r-- "'"'"iJon : Ht-- Diff.: r tst.r PLSt> : Sdwff• f -tHt : Dwwtt t: 
lnvs . 2n -1.88[-2 1.76£-21 8.m:-1 1..8 
ilz:IYS.3U -2.!n-2 1.76£-2• 1.4 2.4 
1n vs. 2n 6.25£-! 1.76£-2 8.9£-2 5.9£-1 
1uvs.3u 1.73£-18 1.76£-2 6.81£-33 1Ri£-16 
2nvs.w ~.25£-! 1.76£-2 8.9£-2 5.9£-1 
Sou-w: ctf: &In of Squ.-ts: Mtlf'ISquirt: F-ttst: ~· ¥1•: 
B.twHn Mjfcts 15 4.1 2.7E-1 15.9 14-4 
Yittm Mjtcts 64 t .1 t .71[-2 
trtltmfnts 4 9.1(-1 2.3£-1 1S2 14-4 
rtstdull 60 1.8E-1 3.()4£-3 
Total 79 52 
·oup: Comt Mtlf'l: St d.Dtv.: Std. Error: 
he 16 3.8 2.3£-1 5.8E-2 
lac 16 3.8 2.4£-1 6.1£-2 
1lC 16 3.7 2.4£-1 6.1[-2 
2~ 16 3.6 2.3£-1 5.7£-2 
3lC 16 3.6 2.4£-1 6.1£-2 
Ccn-~: titan Diff.: Flshfr PlSI>: Schtfft F -ttst: Dtmt-tt t: 
T~ YS.Iac 1.87E-2 3.26£-2 2.3£-1 1 
TlCYS. he 1.2£-1 3.26£-2* 9.3* 6.1 
T~ vs.2ac 2.1£-1 3.26£-2* 29.7* 10.9 
hcvs.3ic 2.7E-1 3.26£-2* 49.8* 14.1 
lac Y$.1~ 1.€1:-1 3.26£-2* 6.6* 5.1 
"HTt,.JOft Ct1AH9t" 
OM hcter ~A~.,.atH Htu.-n fer Xt - lb 
~7 Ht ... Diff.: F istlfr PlSI> : ScHfft F -ust : lluhtt t: 
lao YS. 2fiO 1.9£-1 1.26£-21 24.71 9.9 
lac vs.k 2.6£-1 3.26£-2* 43.2* 13.2 
1ac vs. 2ac 9.4[-2 1.26£-21 5.81 4.8 
he vs. 3lc 1.6£-1 3.26£-21 16.11 8 
2ac ,, . J.IC 6.21-2 3.26£-21 2.61 3.2 
LENS 
Sotr~: ctf: Sunof~ts: Hun~t: F-tfst: Pnu: 
~tvHn ~jf-ots 15 2.3 1.(,[-1 10.8 1.DE-4 
Yithtn tid~ jtcts 64 9.2£-1 t.441:-2 
trt~tm.nts 4 7.5£-1 1.9£-1 67.8 I.DE-4 
r~l 60 , .lE-1 2.78£-3 
Tml 79 !.3 
blilbflm.l Esttr.atK for- An tnatmtnts : 9.1 E -1 
Or ~; Comt an: Std Dt v.: Std Err or: 
Tl 16 3.3 1.8E-1 4.49E-2 
n 16 3.4 2.1[-1 5.2£-2 
11 16 3.4 2.(1:-1 4.91E-2 
21 16 !S 1.8E-1 4.47£-2 
31 16 3.6 1 !SE-1 3.64£-2 
ton-~~: Hun l>iff.: Fishw Plst>: Scftfft f -t~: ~ttt: 
nn.n -3.75£-2 3.11E-2* 1 2 
nvs.11 -1.2E-1 3.11E-2~ 10.1* 6.4 
nn.21 -1.8E-1 3.11£-2* 23.6* 9.7 
nvs. 31 -2.7E-1 3.11£-2~ 521 14.4 
nvs.11 -8.1£-2 3.11£-2* 4.81 4.4 
LEH5 
Ow hcter MOYA.....,.att4 tt.aswH fer Xt _ Jb 
,.. . 
LoCif't- -· : HunDtff.: f' khH- PlS() : $chlfft F-t.st: Oww.tt t: 
nvs. 21 -I .4£-1 1.11£-21 14.91 7.7 
n vs. !1 -2.!£-1 3.11£-2• 38.:S• 12.4 
11vs. 21 ~.!E-2 3.11£-21 2.81 1.4 
11Ys. !1 -1 !5[-1 3.1 1E-2• 1621 8 
21 YS. !1 -8.8[-2 1.11£-21 5.51 4.7 
VITREOUS CHAMBER 
Sow-c.: If: Sun of Squlr"H: Hun Squirt: F·ttst: Pnb: 
BftwHn Mjfcts 15 150.4 10 25812 14-4 
Vithtl Mjtcts 64 2.5E-1 3.88E-3 
trtltmfnts 4 1.15£-2 4.31£-3 1.1 .347 
r~Stcml 60 2.!£-1 3.84£-3 
Tot1l 79 150.6 
Or ·~~ t: an: Std ~ v.: Std Err or: 
Tvc 16 112 1.4 3!5£-1 
tvc 16 112 1.4 3.5£-1 
he 16 172 1.4 3.6£-1 
2Yo 1' 17.2 1.4 ~.6£-t 
3vc 16 112 1.4 3.6[-1 
to:r--._.-is«' ~ Hfan D'iff.: FisMr PlSD: ScMfft r -tt-st: 1>\Jwtt t: 
lye YS. htc -1.25£-2 3.66£-2 8.1E-2 5.7£-1 
Tvcvs.hc -1.25£-2 3.66£-2 8.1£-2 5.7£-1 
Tn n.2vc -4.38£-2 3.66£-24 1 2 
Tvc vs. 3vc -2.5((-2 3.66£-2 3.3E-1 1.1 
lvc vs. 1vc 0 3.66£-2 0 0 
YITRfOU5 CH"HB[R 
OM FMter MOYA.....,.atH tttuwrn fer Xt _ X5 
,.....  .- ...... ,: Ht-.Dtff.: fkhtr PLSD : Sclhtff• f -tHt: Dwlnttt t: 
IYo vs. 2vo •J.t2E-2 J.W-2 S.tE-1 t.4 
IY'C vs. !vc -1~-2 !.66£-2 8.1[-2 :S.lE-1 
hcvs.2vc ·!.12£-2 !.W-2 5.1£-1 1.4 
he vs.!vc ·1~·2 !.66£-2 8.1(-2 :S.lE-1 
2vo vs.!vc 1.87[-2 !.£6£-2 1.8E-1 8.6£-1 
Appendix 4 • Separated data for high myopes, and low myopes and 
emmetropes 
~::~--=;~!~::~~~:~1~if~~;~~~~1:~:~~~·~i;:;::~~~;~~~~:~~~-i;;:~~:~;::±:.::~=-:~~t:;:~:~:;:·: 
-~~J!.~~.L ... £~.~.~~ ....... L. ....... ~ ..... : .... ~ . .L.: .................... .L ....................... L. .... L. .. ~~~~.~~.~.'li .... .L ....................... L. ........... · ........... L. ......... -........... L .... -................ . 
ITza · !Tic !Tl !Tvc I ITza !Tic Ill · lTvc ! ::::::::~:::::::r:~~l~~::::::::r:::::~~~:::::::::r:::::~~i::::::::r::::rt:~::::::::r::::r:::~~:~r::::·:r:::::~I::::::::r:::::~~1:::::::::r::::r~~~::::::r::~:::::::::::::::::: : 
! i 22.9 ! 3;S 1 3.5 l 15.6 ! ! 22.9 1 3.7 l 3.7 l. 15.5 ! 
totfUhohotoutU,IUouuuuoouooooooooOM•onoouo .. uoouoluooo,ouoooHooouuooouuoooououoooo•••••••••••••••••••••••••••••••uoooooooooooooouooo••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••o•oouoooooouuoooooooouooooooooooo•o•• • 
4 i 21.7 l 3.4 . i 3.4 l 14.9 l l 21.7 ; 3.3 1 3 .. 5 i 14.9 1 
......... 7 ....... \ ...... 24'X ........ ~ ....... 4.:0 .......... r .... ·I:9 .......... T ..... ,.7.~2 ......... l ...... T .... 24·~·,..-·· .... T ...... 4.:o .......... \" .... i:ci···· ..... T ..... , .. i:f ....... T ...................... .. 
:::::::::~:::::::r::::~~:;~::::::::r:::::~:.P.:::::::::::~:::::::~:.~::::::::::c:H~:;?.:::::::::c::::c:::?.~:;~::::::::r:::::~:.:~:::::::::::~:::::::~I:::::::::c:::r~;~::::::::c:::::::::::::::::::::: 
11 l 2~.2 ! 3.7 i 3.6 l 15 9 1 l 23.2 1 3.6 1 ~.7 i 15.9 i 
:~:::t~~~::::r::::~~:;?.:::::::T::::~I~:::::::c:I?.::~::::::r::::r~.I::::::::r:::::L:::?~:;~::::::::r:::::~;:~::::::::::c:::I?::::::::r::::r~;:r:::::::r::::::::::::::::::::::: 
14 i 2~.8 i . 4.0 .. i 3.3 i 16.5 i i 23.8 i 4.0 i 3.3 i 16.5 i 
~:::t~~:::::c::::?.~;r::::I~]~~Q:::::::::r:::::~3:::::::::::CI$.:I::::::::c::::c:::?*-:I::~::~c::::~~Q.::::::::::c::::~;.~::::::::::r::I~I::::I::::~:::::::::::::::: 
16 i 2~.9 . ! 4.0 . ! . 3.~ i 16.6 i l 23.9 i 4.0 1 3.4 i 16.5 i 
·::~::~~~~~~:::I::~:~~:~::~~:::::::~:~~r~~~:::~~:~~::~~~~~~~:c~:::::~:~::~~:~:::~:::~c~~~~~~:~::~::~:~~~~~~~~c~~:~:c~~~~~~~~~~~~~~~:~~~~~:c~~~~~:::~:~~~:~:~~::~~:r~~::~~~:~:~:~:~~:::~::~r:::~~~:::~:~:::~~~:~]:::~::~~~~~::~:~~~~:~::~~ 
.;~t~~~~t:~:;:~;=J::~;;=:~:::!::~~~~:::::!::t~;::I:::::~:=:::J:::::~~~:1:~;~:=:t=:::.:::::::; 
:Tza :Tac :Tl :Tvc : :Tu :Tac ill · :Tvc : 
•••••••"•••••uuoSoouo••• .. •••••••unuu: ..... ,,,,,, ............... s ...... u .. oou .. •••• ... ••••; .. ,,,,,,,,,,,,, .... ,, .... J ....... : ........ . ..... ,, ......... ~t ... , ... ,, ... uu•••••••••=•••••"••••••••••• .... •-.lu ............. ,,.,,, .... ,;,,,,,, .. ,, .. ,,.,.,,,,, .. , 
1 i 23.7 i 3.3 i 3.6 ! 16.8 i 1 23.7 i 3.3 l 3.6 i 16.8 i 
::::I:::::r.::::11.;.~::::::r::::I9.::::::::I:::::~~~:::::::::~:::::If~::::::~:c::::r:::::~~:;~::::::::c:::::~~:(::::::::c::::~;:r::::::::r:::If~:::::::r ::::::::::::::::::::::: 
" ....... ~ ...... "L.~f.:~" ...... L ... ~:.~ ........... L".~:.? .......... .L .. ) .. ~.:?. .... " ... L .... .L .... ~.~.:~ ........ .L ..... ~ ... ~ ..... " ... l.. ...... ~::~ ........... L ... ~ .. ~.:?. ........ .L ...................... . 
4 i 21.7 i 3.3. I 3.5 l 14.9 l l 21.7 l 3.2 l 3.5 · l 15.0 1 · •••••n•oouot>ouoouooouuuuhoo""uoououuuuooooouohoooooooolooooooo.ouoooooooooooon•o••••••••oo•••••••••"''"''u•••••••• ••••oo••••••••oooooooooooo•••••••••••••••••oooooooooooonoooou••••ooooo~ooooooooono•••••oooooooouuoooooooooooooouooooooo 
7 ! 24.1 j 3.9 i 3.1 i 17.2 . i 1 24.1 j 3.7 i 3.2 . j 17.2 j 
::::::~r.:::::F:~I~~:::::::F:::~~~::::~:::r::::r:::::::::::r:::~~:~::::::::r::::r::::~r~::::::::r::~:r:~::::::::::r::::rl:::::::::r:::~~!~~:::::::::r::::::::::::::::::::::: 
..... 1 .. 3""""!"""24':9 ......... !"' .... 3'.4" ........ T ...... 3'.3 .......... T' .. T8:2"· ...... T ..... T .... 2.4':9' ....... T ...... 3 ..'3 ......... T ...... 3 ..'·4"· ...... 'T ..... 1a::r .. ~· .. ~ .......................... . 
, .................. : ........................................... _,,, .................................................................................................. -................................................................................................. . 
14 i 23.8 i' 3.8. ·l 3;4 j 16.6 ~ l 23.9 l 3.8 i 3.5 i 16;5 1 
...... fs"'"T""23I ...... 'T ...... 3'.'9 ......... T ...... 3':6' ......... T' .... 1"5-:? ......... l ...... T ..... 23':'1" ........ ~ ....... 3 . .'9 .......... r ...... K'6 .......... T' ... Ts:6 ......... r ...................... . 
............................................. , ................... , ............................... : ......................... : ....... : ................................................... : ......................... : ......................... : ....................... .. 
16 i 23.9 i 4.0 1 3.5 i 16.4 1 1 23.9 i 3.8 i 3.5 i 16.6 1 . 
:::~~:::::::~::::r~::~::~::~::~:::::~c:~::~:~~::::~~~~~~~~I:~~::::::~~~::::~:~:~:c~~~:::~:~:~~~~~:~~~~~::~~:~~~~I:~:~::~~::~~~:~~~~:~:~~~~::::::::~:~::~:::~::~:~J:~~~~:~:~:::::~:::::::::~~::::~:~~~:~~:~~:~::~::::c:::~::~~~:~:::::~:~~~~~ 
Avt. i 23.6 i 3.7 · j . 3·.5 j 16.4 j l 23.6 j ·. !·.E· j 3.5 . 1 16.5 j 
: ~~~~;,~E::::~::~:::::::::r:::::::::::~:::::::::r:::::::::::::::::::::::r::::::::::::::::::::::::r::::I.:::::::::::::::::::::::r::::::::::::::::::::::r::::::::::::::::::::::c:::::::::::::::::::r::::::::::::::::::::::: 
. :Tza :Tac ·. ill :Tvc : : : : : · : .::::::::I:::::::Fi.I:.~:::::::::r:::::~~~:::::::~:r:::::J.:l:::::::::r:::J~:~l:::::::r·::::r*i.~~;~:~~:r::::::::::::~:::::::r::::::::::::::::::::::r::::::::::::::::::::::I::::::::::::::::::::::: 
3 i 22.9 ! 3.3 i 3.8 i. 15.8 1 ! lTu iTac m lTvc . 
:::::~::::::r:::If~~::::I::::~[r:::::J::::~~J::::::::::Eil1:::::::::r:::::r:::,;~;~~:::::~:::::Ii1:::::::r:::::~I::::::::r::::lr:::::::I::]~::r:::::: 
9 l 23.5 ! 3.7 l· 3.5 l 16.3 l ~ 1 D ~ 23.6 ~ 3.7 i 3.5 I 16.4 :::n::::::r::::?~:;~~:~::::c::~:.~::::::::::c~~~I:::::::r::JI?~::::::::c:::c:::::?::~::::::::r:::~:*I:::::::r:::::~~.§::::::::::r:::I.~~=:::r:::J~I::::::: 
13 . :24.9! 3.2 · l 3.5 l18.2 I i 3D l 23.6 l 3.5 · l 3.6 1165 ::::::;:;::::::::l::::::~l:~::::::::r:::::~:l::::::::::l::::::li:::::~::r:::;:~:~r·::::r:::::~::::::::::::::::::::::::r::::::::::::::::::::::r:::::·::::::::::::::::r::::::::::::::::::::::r::::::::::~:::::::::::: 
16 i 23.9 i 3.8 i 3.6 ; 16.5 ; ; : ; l i 
..... ~::::::::::::r::::;::::::::: ::::::::r::::::::::::::::::::::r::::::::::::::::::::::t::::::::::::::::::::::t:::::c::::::::::::::::::::::t:::::::::::::::::::::::t::::::::::::::::::::::t::::::::::::::::::::::t::::::::::::::::::::::: 




. · i"Tza iT.c !Tl · !Tve ~ !Tu !Tac · !Tl !Tvc. i . 
• o .. uoo'oooouooooo:lu .. uoouooouooooou••:•uuuuoouooooouu•u:•.••oou•oooooooonoooouoj''''"''"" .. "''""''''''"'"'~''''''':'''''';:(:.''''''' .. '''''!'''''''i''''''''''''''':'""''"''''"uuooooooa,•~•~:••••••••••••u••••••••n•:••• •••••••••••uouoooooo 
5 l 25.2 : 3.9 : 3.0 : 18.3 : : 2\,•.3 : ..... 9 i 3.0 : 18.4 l 
........ , .......... 1, ....................... t ......................... , ................. ........ t .......................... l ••••••• r ••••••••••••••••••••••••• s ................................................... , •• , ...................... s ........................ . 
. 6 i . 26.3 i 4.0 1 3.3 i 19.0 i ! 26.3 i 4 .0 i 3.3 . i 19.0 i 
::::::::~::::::t::::?§.I::::::::r:::::~~:~r::::::::r:::::~:~~::::::::::r::It;~:::::::::c::::c:::~;:r::::::::r::::I:9.:::::::::::c::::~:~~:::::::::::c:It.I::::::r::::::::::::::::::::::: 
10 i 27.1 i 4·.0 i 3.3 i 19.8 i i 27.1 ! 4.0 ! 3.3· i 19.~ ·! . 
::::::!:~::::::::r:::~:~:::~:::::::::t:::::~~!:::::::::r:::::!:~:~:::::::::::c:::~:~:~::::::::r::::r::::~~:::~:::::::::r:::::~::!::::::::::::E:::~::~::::::::::r::::~~~::~::::::::t::::::::::::::::::::::: 
Avt. l 26.0 i 3.9 i 3.3 i 18.8 i l 26.0 l · 3.9 l 3.3 l 18.8 i ::::::::::::::::::r:::::::::::~::::::::::t::::::::::::::::::::::::c::::::::::::::::::::::r:::::::::::::::::::::::r:::::c::::::::::::::::::::::c:::::::::::::::::::::r:::::::::::::::::::::::c:::::::::::::::::::::r::::::::::::::::::::::: 
$.~' t' 1Q ' 0 0 I ' 20 ' I . I I 
... II .. Jt.9. ... ~ ....................... ! ................... ; .... ,j ......................... ; ......................... ; ....... ; ......................... ! ..... ~ ................... ; ......................... ; ......................... ; ....................... .. 
iTza iTac ill !Tvo : :rza :r~c: :n ilvc ; 
......... s ........ ! ...... 2s·:3 ......... 1 ....... 3:-:r·~· .. ~·j ....... 3~,. .......... l ..... -ra·:s ......... l ....... l······2s·:3···· ..... 1 ....... 3.:7····· ...... \ ....... 3.:2" .......... l ...... 1.s:~r ........ l ........................ . 
......... 6 ....... ~ .. ·-·:i6·:r·: ... T .... :f9" ........ T ..... 3:·3 ......... T .... T9:-f ......... f' ..... r ..... 26-:3 ........ T ..... :3y ........ T' ..... 3'.'3 .. :· .. :· .. T ..... f9:f ...... T' ..................... .. 
:::::::~::::::r::::~~:::::::::c]~~:::::::::r:::::~I::::::::r::::rr~:::::::::c::::c:::?~::r:::::::::c::::~:.:~:::::::::::c::::~:.~::::::::::c:::rt~:::::::::c::::::::::::::::::::::: 
10 j 27.1 i 3.9 ! 3.4 i 19.8 l ! '27.1 1 3,8 i 3.5 ·l 19.8 i 
::::::!:~::::::::E:::~~~~:::::::t:::::~~:::::::I::::~~~::::::::::r::::~:~:~:::::::::F::::r::::~~:~::::::::r:::::!:~:~:::::::::r:::::~~:!:::::::::::r::::~::~:~::::::::r::::::::::::::::::::::: 
Ave. ! 26.0 l 3.8 ' i 3.4 l 18.9 ! l 2E .. O l 3,7 l 3.4 l 18.9 i 
uoon•••••••••••••!ouooo ouooooooouuooou!ouuoooouoooouoou .. u!••uuuooooooou••••••••!••••••••••••u•••••••••••!•••••••!•••••••••••••••••••••••oo:••••••••••''"''''"'' ' ''!•••••••••••ooo•nooooooo•:•••••oooooo"u"••u••••:"'""'''''''''''''"''''' 
~~:~\ti.t~::::~~:::::1~:~~:::::::=li~=::::::±:::~~;£::=::=:::t:::=:::::::::t::~::::::_~J::=:::::==: 
5 ! 25 3 l 3.5 · ! 3.4 l 18.4 l l lTza lTac ~Tl !Tvc 
''"''''"''uuo..,!••••••••uu: ... ouooo~•:uoo~ooU•o..,~ooo-oooooo!oOooooooooooooooo•••••oo•:•ooto•ootoo•o•ooooooooooo!••oo•••!••• • ••• • •••••••oooooooooo!"''""''' ' '''''''''''h:••• •" '''''''''''"''"'"! '''""'''"'' '' '"""''!•ooo•u•••••••ooooooooooo 
......... ~ ........ L .... ~.~.:~ ........ .L ..... ~:.? ... : .... J; ...... ~:.1 ........... L ... J~.:f. ........ .L .... .L .... £!.1.~J~ ....... L .... ~.~.:Q ......... L ..... ~.;.?. .......... .L ..... ~ ... ~ .......... .i.. .... ~ .. ~.:~ ........ . 
........ ~ ........ l ..... ~.~.:~ .......... ~ ...... ~:~ .... , ..... ~ ....... ~& ......... ~ ...... t?..:~ ........ :l ....... j .... ~f~!.!~;iY ..... j ...... ~§.:Q ........ :l ....... ~ ... ~ ........ ) ....... ~ ... ~ ........... j ... J .. ~.:~ ........ . 
10 i 27.1 ! 3.7 l 3.5 l 19.9 l l 1 0 l 26.0 l 3.8 ! 3.4 l 18.9 
...... f2" ...... r .. 26:2 ....... T ..... 3 . ."5 .......... T ...... 35 .......... l" ... T9·:0' ....... T ..... T ........ 2 ..o ........ T ..... 26.:if ...... T ...... 3 . .'7 ......... T' ..... 3.:4" ........ T" ... 1a·§ ........ 
~:ff::f::l~~~~l~[~~t~~~~~{!:~~;:f_t:.J:f~I::::::~~J:-fi~:;~~:-::l:::::~~::::-I:~~~;;:J~i\-J~~~~ 
Appendix 5- Data for cycloplegic findings with summary (Part II) 
2 ! 2A C ! . 4 0 : 3 2 : 17 4 • : 24 5 : 4 0 . : 3 ~ : 17 :l HUOM•hoo••uuou...iu .. u•oo:!.:~•oo••••niouoo•••••.'•onooou•••••:uouo•oo•:•u•••••••oou:.-.,.,.,,,,.:,,, ,,,.~, •• ,1 .•• ,,,,,,,,,.,,, ... ,., .. ,;,,,0000 , • .,,:~•Heoooooo:00 • 00 ooooo."ooooooo•••••••:ooo.o• ooeoo:,":':,. , ........ ,:.,,,0000uoo:~,, 0 0 oo.oooo 
3 1 22.9 ! 3.7 l 3.7 l 15.6 l l 22.9 l . 3.5 . i 3.7 l 15.6 
:.:i:=:=-:t1f.El::a=:~E1~::::,~I:::;~~-:! :::·-:::::::~:E=F·~u~:::ElE:·Elt~::: 
6 i 26.3 l 4.0 ! 3.3 i 19.0 i i 26.:; ! 3.9 . i 3 .3 i L.1 
:::::::::::t::::::::r::::?~:;r::::::r:=~~q:::::::::r:::::~Jf:::::::::r:::J:I?:::::::::j:::::::::: ::::::::::::::x::::?~:;r::::::::r::::::~:.!:::::::!:T:::~:~~r:-::::::::r::::rti:::: :::: 
8 i 25.1 l 4.0 . i 3.3 ! 17.8 i l 25.1 l . 3... 1 3.4 l 17.8 
~11~~~1~~-lil~~I~I{~:1J~I"::::":J:"::"::":::~~:.L:Ii~~t.~It~~I~It~Iili~:~ 
. 12 j 26.1 i 3.7 i 3.5 . i 18.9 i i 26.2 ! 3.6 l 3.6 l 18.9 . 
................................................................................. -............................................................................................................................................................................. .. 
1! ! 24.8 1 . 3.5. . l 3.2 i 18.1 l i 24.9 l . 3.4 i 3.3 1 18.1 
·~::::I~:::::::::::c::~~:;~::::~~r:::::~:.§:::::::::r:::::~I::::::::r:j:~:;$:::::::::~::::::::::::::.::::::::::c:~*:;~:::::::::c::::~~~::::::::::r:::::~~~:::::::::::r:::Hi.I:::::::: 
1 c: ' 27 2 ' . 4 0 I 3 1: ' 11: 7 : ' 27 2 ' ~ 9 ' 7 E : 1 c: .... 
.......... !':"~ ........... L ........ "':'.'.: ............ L ......... : .. '!'..· ......... ;.: ........ :.~ ... ..... 4 .. ; •••••••• • "':..'.: •••••••••••• ~ .... . ............... . .. .. ; . ........ ":!.: ............ L ....... ~.: ............. J ....... ~: .. : ........... ; ......... ~·.:.~ ......... . 
16 1 23.9 i 4.0 . l 3.4 l 16.5 ! l 23.9 ! 4.0 ! 3.5 1 16.4 
......................... r ....................... 1···~" ................... r .................. u ..... ~ .......................... ! .......................... r ........................ j ........ ~ ............. -·r······· .... ............. ~ .. -............... ___ _ 
......................... : ......................... z .......................... : ................ ,. ....... : ................. ,,,,., •• : ...... u ................. J ... , ..................... 1.,. ,. .................... : ............... . ......... : ..... , ........ , .. ..... . . 
Avt . i 24 .4 ! . 3.£1 i ~.3 i 17.2 1 i 24.4 i · ~ .7 i 3.4 i 17.2 
.. :~::::::::::::::::r:::::::::::::::r:::::::::::::::::~F:::::::::::::::::r::::::::::::::::::::r:::::::::::::::::::::::r::::::::::::::::::::~r:::::::::::::::::::::::r::::::::::::::::::::::r:::::::::~:::::::::::. 
:::::::::::::::::::::::t:::::::~:::::::::::::t::::::::::::::::::::::r::::::::::::::::::::1::~:::::::::::::::::::t::::::::::::::::::::::::t:::::::::::::::::::t::::::::~~:~:::.:1:::::::::~~:::::::r:: ::::.:::::::::::::::: 
......................... L ....... ~P. .... ~ ..... L: .................... ..l ......................... L ............ : .......... l ................. , ....... L ........ ~!~ ......... J ... :~ .......... : ......... L ..................... .J. ....................... . 
.. ~~.i!.£~.-.i. ....... .!!~ ......... L. .. ;.J!L ..... .L ......... IL ........ L ....... I!:~= ......... L ....................... \ ....... ..!!~ ...... ~..l ....... J.~~ ......... L ........ I~ .......... J. ....... I!:~= ........ . 
........... ~ ........... i. .... ~.~.:~ ........ 1 ....... ~ ... ~ .......... .L .. ~ .. ~ .. ~ .......... J ...... ~ .. ?.:~ ......... \ ......................... L .... ?.~.:~ ......... 1 ....... ~ .. ~ ........... L ..... ~ .. § .......... .i ... J.1.:~ ... ..... . 
. ?. ! 22.9 l 3.4 l 3.B l 15.7 l ! . 22.9 · ! 3.3 1 3.B 1 15.8 
........... 4 .......... T .... 2'1":i ......... ! .... ~~·i:2 ......... T ...... 3 . .'5 .......... j ...... 1.5:ci ......... 1 ......................... 1 ...... 2f:i ......... 1 ........ 3 . .'1 .......... T ...... 3"."f ......... ! ...... f4·:9 ........ . 
::::::::::~::::::::I::::~;~:::::::r:::~rt::::::::::I::::::~:~?::::::::r:::J~I:::::::c::::::::::::::::::::::r::::~;r:::::::c:::::~:.:~:::::::::c::::~:.:~::::::::::r::::r~;~:::::::: 
6 ! 26.3 ! 3.7 1 3.3 . i 19.3 i ! 26.3 l 3.7· ! 3.4 l 19.2 
~::::::::::r.::::::::c::?1:J=::I:::::~:.?~:::::::::c::I?::::::::::~:::::IJ.:I::::::::c::::::::::::::::::::::c:::?r:c:::::::~:::::::~:~r:::::::r:::::~~~::::::::::r::ItJ::::::::: 
8 . i 25.1 j 3.8 1 3.5 i 17.£1 i i 252 ! !.8 i 3.6 l 17.8 
...................................................... ., ........................................................................................................................................................................................................ .. 
. 9 i 23.5 l. 3.8 l 3.5 ! 16.3 l l 23.5 1 3.7 ! 3.5 1 16.3 
.. :::::tQ::::::::::r:::i.ri:::::::c:::~:~~:::::::::::c::::~~~::::::::L:I?.:I:::::::c::::::::::::::::::::::~:::::~If::::::::c::::~x:::::::::c::::~:~::~::::::c:::ii~::::::::: 
11 . i 232 l 3.4 l 3.8 · l 15.9 l l 23.2 l 3.4 l 3.9 l 15.8 !-"•••nn•~•·••·._~ ......... --.................. z .............. , ...... , ... ,, .. ,,.,, .. ,..,.,, ............... ,.,,,,,, ................ ,,,, ....................... ,,., ................... r ............................ loo••ou-.-non oooooetoo:ooooooooouoooooooo•o•••• 
12 l 26.2 ! 3.5 . i 3.7 ! 19.0 i i 262 ! 3.5 . i 3.7 i 19.0 
_ ................................................ _ ........................................................................................................................................................................................................... .. 
13 l 24.9 l 3.3 l 3.4 1 18.2 l 1 24.9 l 3.2 l 3.5 l 182 
:::~::H::::::::::r::::~~;~::::::::I::::::~:1i.::~~::::c:::~:.:~::::::::::r::Ifi:::::::c:::::::::::::::::::::r::::~:*:;~:::::::::c::::~:-:t::::::::I~:~~:.f:::::::~:ci~:;~::~::::: 
15 l 23.1 ! .3.9 l . 3.6 i 15.6 j ! 22 .. 2 l 3.8 l ' 3.7 l 15.7 ooooou••••*"•••nooouooooououuooooooouooonooUhU"o~•ooouoooouoooooooooo•oooooooooooo••••ouloooooooooooonoooo oo oooooo•••oooo ooooooooo••Oooooo ooooouooooooooooooooooooooooo o••oooooo oooooooo ououooooooooooooooooooo•o o oooooooooooooooooooooo•Oo ooooo 
16 l 23.9 ! 3 .8 1 3.5 l 16.5 l 1 23.9 ! 3,£1 l 3.6 l 16.4 
~~~:::~~:~~:~::~~~~:~:~~I:~:~:~~~~:~~~::~~::~~~~~r:~:~~~~~~~~~~~~:~~:::~~L:~~~~~~~~~~~~~:~:~~~~~~C~~~~~~~:~:~~~~~~~~:~::~L~~:~~:~~~~~~:~~~~~~~~:I~~~~~~~~~~~::~~~~:~:~~:~L~~~~~~~~~:~~:~~.~~:~::~I~~~~:~~:~~~:~~~~:~::~~~~C~~:::::~:~::::::~:~:::~ 
Avt. ! 24.4 i 3.6 · l 3.5 l 17.2 l l 24.4 1 3.~ ! 3.6 i 17.2 
:: :::::::::::::::::::::::r::::::::::::::::: ::::::r::::::::~:::::::::::::r:::::::::::::::::::::::r:::::::~:::::::::::::r:::::::::::::::::::::::r::::::: ::::::::::::::r:::::::::::::::::::~::r:::::::::::::::::::::::r::::::::::::::::: :::::: 
l ! · i l !T1mt:5m1r.s. l l i ~~~i:1~i~3:~:-~~~:~[:~~~::~~J:~:::;~~:~l:.;::;~~::.::f: t.i;::~J:.:~~~~~:I:.~:~:.:.:::J:: ~~~;::;; 
. 2 ! 24.5 l 4.0 i 3.2 i 17.3 ~ 1 24.5 ! 4.(1 j 3.1 ! 17.3 
oooooonoooohonoooooonlon .. onooooooooOoOOUOOI;OUUU•oooo oo oonooooooo; •ooo uoooh ooooonooouoo!••u ooo oO•oouoo ooooooooo: •• ••u••• ••••••• •Oooooooo:••OOOoooo ooooooooo ooooooo:oo ooooo u•O'oooooooo ooouo:oooooouoooooo o• oouooooo:oooooo oo ooooo oo ooooooo oo o 
........... ~ ........... ! ...... ~.~.:~ ......... ! ....... ~:.!. ........... j ....... ~:.~ ........... j .... J~:~ ......... ) ......................... ! ...... ?.?..:~ ......... j ....... ~:.~ ...... ~ ... j ....... ~:.? ........... l .. ····~··~·:?. ........ . 
4 ! 21.7 i 3.4 : 3.4 : 14.9 : l 21.7 i 3.3 . l 3.6 : 14.9 
0,,,,, .... ,,.,000000000001uuouooooouooououoooloouoouooou•o•~uooouo:onoouooououooo•o•••••~•••••••••••••••••••••••••:••••••••••••••••uooohu•••••••••••n•••••••••·••••••••••u•••••••••••••••••••••••u•••••••••••••oo••• .. •••••••••••••••••••••••• 5 i 25.3 i ~.6 i ~.0 i 18.7 i i 25.~ i 't-.7 i !.1 ' i 18.5 
............ 6 .......... ! ..... 26·:z: ......... i""""4':t\·: ...... T ... ~! .. ! ......... r .. ···r9:ci ........ T ........................ l"' ... 25J ........ j" ..... ;n) .......... T ..... 3 . ."3' ........ T .... TE<·:o· ..... .. 
• ,.,, .............. , ..... ,: ......................... : ... , ............. ........ r ............. u •• , ....... s .......................... :•••••••••••u•·••••••••••:••• .. •• •• •·•••·"''"'"'':••••u•"'"''"''''''''"':'.""''"'"""''''' .. '""'''~"''''''''"'''''''''''''' 
7 ! 24:1 i !.9 . ! 2.9 i 17.3 l i 2 ... 1 ! !.~ i !.1 i 17.2 
·::::::~:::~:::::::::r:::~;:;:::::::::r:::::~]::::::::I:::]~!:::::::::c::::r§:;;:::::::::::::::::::::::::::::::::::r::::?.§:;r:::::::r::::~:~~::::::::::F: .. ~:-~::::::::::c:rt.I:::::::: 
9 i 2!.5 i 4.0 .! 3.3 1 16.2 i ! 2!.5 i 3.8 i 3.4 . i 16.3 
·········io .......... T ..... ffr····· .. r:·"·4:·o· .... ··-:T ...... fi ......... T ... T9·:et ..... T ........................ f" ... 2f'f ....... T ...... f8 ........ T ..... 3 . .'4 ...... : .... !"' ... 1'9§ ..... .. 
ooooooooooooooooooooo4oooootououoooouoouoooo•••"""•••n•u•••••••••••to1uoooooooooo••••••••••oo•••u•••••••••••••••••••••••··••••oo•••••••••••• ... •••••••••••••••••••••••••••••••"''''''''.,"'''''''''':,,,.,,,,,.,,,,,,,,,,,,,,,.,,,0 ,,.,,.,,,,,,,,,,, , ,., 
11 i 23.2 . i. 3.7 i J.6 ! 15.8 i 1 23.2 i 3.6 . ! '!.7 i 15.8 . 
......... f2' ......... ,r"··;;·z:r· ..... T ..... ff ....... T ..... 3 ..6 ......... T.,. ... ;·e:·§ ........ f ....................... T .... 26:~r ...... T ...... 3.:6 ..... ~ .. T ...... 3~6 ........... r"·1iPf ...... . 
......................... a ..... .!:.~ .............. , ........................... J ............................................. .. .... . . . ........... ......................... ......... .......................................................... J . . ............ .. ........ .. 
13 i 24.9 i 3.S. l 3.2 i 18.1 i i 24.9 i 3.4 . i ·!.3 l 18.1 
.................................................. , ............................................................................................................................. -..................... -.... " ............................................... .. 
14 ! 23.8 : 4.0 l 3.3 l 16.5 l l. 23.8 l . 3.9 i 3.4 i 1E·.5 . 
......................... l ........................... s ........ u ............... : .............. ............ : ................................................... a ......................... t ................................ ._ ................. t ........................ . 
15 i 2'!.1 i 4.0 i 3.4 i 15.7 l 1 23.2 1 3.9 . i 3.6 1 15.7 
:::::::::~:~::::::::::I::::~~:~::::::::r:::::~~~:::::::J::::::~~~:::::::::r::::~:~::~::::::::r::::::::::::::::::::::r::~~:~::~:::::::::r:::::~~~~::::::::r::::?~:~::::::::::r::::~:~::~::::::::: 
Avt . j 24.4 l 3.8 . l 3.?· l 17.2 1 l 24 .3 1 3.7 t 3.4 l 17.2 ::::=:.~~==t===::~~~4=-=-==r====::=.j::=.::::::::::::!.:::::~:~::r:::::::.·::::::r::::~:==r::.::::::r::::::::::::=: 
. . . 
:::::::::::::::::::::::i::::::IQ~:::::::L:::::::::::::::::::I::::::::::::::::::::::J::::::::::~::::::::::::I::::::::::::::::::~~J:=:::~J~:::::~L::::~-~::~:::~~::::t:::~~::::::::::::::l:::::::::::::::::::::::: 
.... ~~~.£L.L .. "J!~ ........ .L. ..... .!.~~ ......... L. ....... !! .......... L ...... !:!:L ..... L. .............. " .... J ...... ..!!~ ......... L ..... ..!.~~:.: ....... L ........ !J ........... L. ..... !!.~ ........ . 
2 l 24.5 l 3.9 l 3.2 l 17.4 1 ! 24 .5 ~ 3.8 . l 3.3 1 17.4 ·:::::::::~:::::::::IJ~:;?.::::::::r::~I~~:::::::::r:::::~:~?:~:::::::r::I~I:::::::c:::~::::::::::::~:::c::~~:;~::::~~:L::=~~~:::~:::::c::::~:~~:::::::::::L:I~I::::::: 
4 l 21.7 . l !.2 . l 3.6 i . 14.9 1 l 21.7 l 3;1 i 3.7 i 14.9 
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Appendix 6 • Exam forms 
Informed Consent Form: 
lntttutton: 
A. Title of project: A-seen Ultrasound Measurement of Oculer Chenges During Aa:ommodetion 
B. PrtncipellnvesUgator: Dennis l. Smith, O.D. Phone: 357-8429 
c. ~tsor: Ntles Roth, M.Opt.. Ph.D. Phone: 357-6151 ext. 2271 
D. Locetion: Pecific University College of Optometry 
For est erove, OregJn 9 7 116 
E. Date: 01 Jun 86 
Description of Prpiect: 
This project is deSigned to determine the ma;Jnituoo of the chen~ in the human eye with 
different ecx:omm008Uve (focusing) stimuli. These measurements will be mede with en 
ultrasound device (A-scan ultrasonic biometer) es you shift your ~KXX~mmodative posture from 
6m to 1m, then SOcm, end ftnally to 33cm. A topical anesthetic (Alce1ne) will be tnsttlled, 
prior to testing, for your comfort, end !eVerel retrlings will be taken at ~h distance to assure 
~a:urll.)' of measurement. 
At the mnclus1on of these measurements, I wm temporarny paralYze your fooustng system 
by instilling e cycloplegic ·egemt ( 2 drops or 11 tyclopentolete) into your nonfixeting (test) 
f!>le, end meke timed measurements to ascertain the rete of ectton of the &Jent. In this porUon of 
the stuct(, you · will fixate the same stimulus targets es before under the noncyclopleged 
conditions. 
At the concluston of this sessio~ ( 60 mins.) en eutorefrectlon (a computerized vtsuel exam) 
end a olaucoma check will be provided, end you will be free to leeve~ 
Pescriatton of Risks: . 
Perticipants 1n thts stucty mtry experience corneal abrasion, allergic r~Uon to the 
diagnostic agents utilized (Alceine, Cyclopentolate, end Fluress), end/or. reduced depth 
perception with the monocular cyclopleoia. E~h of these possible complications clears up 
without treatment within 21 hours. 
Description of Benefits: 
Thts stu~ wtll serve to tncreese the bestc understanding of how the ocular system responds 
to verious focusing { ~JXDmmocl6tive) demands. This increesed knowle0;1e will serve to better 
explain the eccomm006tion processes end eid in the development of e unified theory of the 
eccommooation mechanism. · 
Comoensation and t1edJca1 Care: 
If you ere injured in this experiment it is possible that you will not receive oompensetion 
of medical care from P~ific University, the experimenter, or any organization essocieted with 
the experiment. All responsible care will be used to prevent injury, however. 
Alternatives Adyantageous to Subtects: 
Not app hceb le. 
Offer to Answer. Any Inquiries: 
The experimenter wtn be happy to answer any questtons that you may have et any ttme 
during the course of the stuay. If you ere not satisfied with the answers you receive, please call 
Dr. James Peterson et 357-0442. During your participation in the project you ere not a clinic 
patient for the purposes of the research, and all questiojns should be directe::l to the researcher 
and/or the fa::ulty advisor who will be solely responsible for any treatment (except for an 
emergency). 
freedom to Withdrew: 
You ere free to w.ithdraw your consent and discontinue participation in this project or 
~ttvtty at any t1me wtthout'prejucJtce to you. · 
Confidentiality of Records: 
All informehon colla::ted will be treated as confidential. Pubhcation of results will involve 
only grouped data or tndividua1 data in which you are ioontified only by inltie\5 or ranoom eooe 
number. 
Cpnsent Fprm: 






IWIE AND ADDRESS Of A PERSON NOT LIYING WITH YOU WHO WILL ALWAYS 
KNOW YOUR ADDRESS: 
Dates of project: 
All collection of data reQuiring subject participation w111 occur from 




Whet 11 your l•presaton of your present beelth? ----------
Are you presently .or beve you been under the cer.e of e health cere provider 
•rtng the past y.er? Yes D llo D 
If yes, please explatn: ------------ ----- ----
Are you presently tattng any •edtctne or drugs? Yes D No 0 
If yes, please list:-----------------------------
Are you anergic to eny Med1ctne or substances?: Yes 0 No 0 If yes, please list: ______ ___;_ _____________ _ 
' ' 
Do you heve a history of: 
YES NO YES NO 
Heart Cendltlon 0 0 Diabetes 0 0. 
High Blood Pressure D 0 Glaucoma D 0 
Shortness of lreeth 0 0 
Femtly Hedtcal History: 
YES NO RELATION(S) 10 YOU: 
Heart Condition D 0 
High Blood Pressure 0 0 
Shortness of Breath 0 D 
Diabetes D 0 
8Jeuc:Diaa D D 
Do you have any other disease, aandittons or problems not listed above that the 
experimenter should know before proceeding with the investigation? Please 
explain.-------:----------------------------
Are you pregnant? If •yes• please circle trimester. 1 2 3 
Signature of patient:---------------------
Date:---~-----------
Signature of experimenter: -----------------
raucm. name.--------------- ••v .. -----Age: ___ _ 
V.A.: 











Dennis L. Sm1th, O.D. 
Pat lint 1: • _ .. 
·~ lex: Phone: latRx: YA: 
Cycloplegic: YA: 
AriAa.J (cm)IPhortas: 1 D: I 2 D: I 3D: I 
Keretometry: OD OS 











Pltltnt Nllll: -------------- - ~ ---·- ......... --·-
Cycloplegic (Aoents and time of 1nstt11ation): Alceine __ .gtt .-
IS Cyc1opento1nte . glts ~ 
Cycloplegic recording thne (mins.): 50 10 0 15 0 20 0 30 0 40 0 50 G 60;; 
Tza TIE Tl Tvc lllza 
Cvclo !a.l!t.!!!=====l=====l====+==~~==="'- =-:.=-:=-"--'' =l-~-====--<--=f=:-'",;_:- ___ ..;__.:..:.; 
















A~v~e~. ====::::i:::===::i::====+===='b:--=--=---=--=-:J. b---=·=--___;-=-·,_j-=--;:__--;...::-:_;_.:;· ·=---"""--4--~--=-- '-''.:__;_____j 
PotientNo .. lOT 
Age: 20 
V. A 2 0 ,/ 1 5 ( 0 D ) 2 C• / 1 5 ( 0 ~; ) 
Hot•i h:e 1 P .. , None · 
" 
S: Eva1. for n:•:=:PArch pri)_lect. no conwl.:nnt·:: of hed,jache::. diplopia. 
a-:: t.henopi e. or n?,juced \ 'A ;:,t_ 1ji ·:. tanc:e or near 
0: ~;LE:< : Corn, ConJ., ~;cJ., Lltj::., U:r::rn?:::: Len: Eo :::: Clear. AC Deep i3nd quiet 
T.,-.: 12/12mrnHq 
,.,_, -
1 I FF' .. + 
,' 7' 
-... ·· 
II 4: -0.25 [)~; (11_1 
11 7: pl - 0 25 >r: 097 20/ t:. 
-0.25 DS 20/15 
11 14B: + 1.00 W. cyl. 20/20 
+0.75 DS 20/20 
pj;~A: -6.00 N~:A. +3 .. ()1) 
A,-/A~:d (c:rn)/~'hc~rie~· 1 D: 97 / o:-t.ho 
2 D. 4.:::1 ./ 3· e:·:O 
3 D: ?·2 / 7 t:>:o 
Dennis L. Strlith. O.D. 
Bck.: Clear 
11 12: ortho 
II 1 se 6 12>:0 
(LIF CID) 
r1 ,.. .• • .......... ,,,,... . • r,..-, 
r 0 l I ~II l ·I~ \.I . . I •,.o .;;_ 
Age : 21 
Habitual F:x :. -O.Ei7 D~; (2 year-~: old) 
- 0 50 D~; 
5: Evol. fc,r re:::ear-ct-1 proJect , PC' conwl~.:~int_o;:. of lteis,jacrte~: .. F.r::trtenopia .. 
diplopit~ .. or reduced '../A at di::;t.8nce or nejsr 
0: ~;L~:::.:· Corn. ConJ. ~:cl. Li1j~: . Lb~h~·= L~r~·: .:.·: Cl~?;:~~- AC Deer' and quiet 
T ACi: 14/ 15 rnrn Hg 
F F.~ : -+ • :; \l.f· : + E; c. k . : c: 1 e 5 r 
11 4: - 1.50 DS OU 
""J(-'• / ............ + 
~.),I.:::. . ) 
"'145: pl w. cyl. 20/20 
PPA: -2.75 NF.:A + 1. 75 
Ar/A8d (crn;r/Phon es: 1 D: 9f:; ./ 3 e::c 
2 D: SG / 4 e:-:c: 
3 [.l: 3 1 / I~ 8 :•: 0 
Keratornetry: 41 .75 / .12.50 @• 09() 
.tt 1::2: ortho 
# 1 '5B: 9 e:-:o 
::~I F OD) 
A: Lo'N myope vv·ith hee lthy ocular and vi ~;ua l ~;y~;tem~:. Need~: change. in Rx . 
. Good candidate. 
Denni~: L. Smith,. O.D. 
Potient. No .: 103 
AQe: 24 
~ . 
\iA .. 20/15 WD) 20/1 ~, ((!~;) 
S: Eval. for re~:earch pr·o_iect: nc. conw1 .::ini_<:: of t·,ea,jf:lchl?·: .. ;:J::J.henopia, 
dlplopia .. or· n?.,juced \/A ;:; 1_ G1::.f•jrlc ;: (•: neCir. 
0: SLE>::: Corn., Con)., Scl ., L i ,j::: .. Le~Jte~., Len:::8:::: Clear. AC : Deep and qu1et. 
T ·, c·: 1 0/10 rnm Hq Ill , ~ 
Opht.hol: CD: .3, A. \l· 2/...,. • I .. 1 
~·· 
ALP 
#4:- 0.25 DS 
pl DS 
#7 : - 0.25 Df; 20/1 15 
pl - 0.25 X 115 20/ 15 
# 146: + 0. 75 DS 20/20 
+ 1.00 vv . cyl . 20/2() 
• I I 
01 7 I 
·-·. 
F'RA:- 47:, N~'A : + 2.7:. 
c ;:: .. ... 
! • ·· . . 
2 D: 46 / 2 e;...,::r 
3 D: 30 / 7 e::: c: 
Keratornetry: 42.50 / 43.00 OU 
E:ck.. Clear 
# 15E1· 4 e:.-:o 
(LIF' DD) 
A: Emrnetrope w1 tJt rtea ltt"ty ocular ar11j '·ii sual sy:::tent::. Good candidate. 
P · A~ 1 ·- • r t -·:· t:· b i '"· t fn•· · -, i · ·. t • • •. t..l::!,...l. ij_. jJ ,~e._ ... _., pr L .. ~~- .. 
Denni ~: L. SrnHh, O.D. 
r.,. . .a~,. ..... ,. .......... 1AA 
rOI.Itlll I~LI .. IV,_. 
Age : 20 
\' .A. 20/20 (OD) 20/20 (OS) 
S: Evel. for researct"t proJect no cornplaint~: of he;:~,jacr·,e~: . l%tt"tenopie . 
· ,jJplopia, or re,juce•j 'v'A at di·::t8nce or near 
• 0: ~lE>,:: Corn ... Scl. , Lid~: .. La:::he·:, Len~:e:::: Cle;:lr. ConJ: trace follicle·:: DU. 
AC: Deep end quiet TAG : 15/ 14 rnrn H9 
Oph t'-:Oil· ( '[1· •)C: '·1,.1 21 .II•... .. . . . .:....J, f-'t •. • 7, 
. . · ._. 
ALF: : 1 I 11 7 I 
·-· . 
# 4: + 0.25- 0,5() >c: 1 (::;() 
+ 0.25 - 0.50 ><: 1 EH) 
+ 0.25 [)~; 
1 .• . .... ,.c <ij ,- •• p - I,).L~' )<; i Ci U 
11 14Ei: + 0.50 D~; 
+ () ')~ "y' ( :II] 
'- ·-- v . . -=' . 
PPA: .,. 4 . 2~5 
··· _l ~ (· L-:rr·,~/F' ~·~nri- r.:;· 





...... .... , ._. 
NF-:A : + 2. 7':· 
1 D: 9 2 / 4 e >: o 
2 D: 47 / 6 e::.;o 
::. D: 2 9 / 1 2 e :-.: o 
Keratornetry: 43· .50 / 44.75 (;;i· 090 
43 .75 / 44.75 (~' 090 
P: Accept es ::utiject for proJect. 
Dennis L. Smith, O.D. 
Bck .. Clear 
# 12 orH1o 
11 15Ei: C: e:-:o 
(LIF' OD) 
Poti ent No.: 1 05 
Age: 26 
V.A.: 20/25 (OD) 20/25 (OS) 
Hetrituel F:.., : - 3.25 - 0.75 >~ 177 
" 
S: Eval. for researct·, project. .: no cornc.L::dnt::. of l·realji:Jct·,e::. e::..t.henopia, 
diplopia, or r-educed VA at ,j,:::t.anc~ or 1"11?-i::Jt-
0: SLE~<: Corn., Conj ., Scl., Lirj~: , U1::Jre ::: .. Lem:e~:: Clear. AC : Deep end Quiet 
TAG: 12/13 mrn Hg 
Ophthal.: CD: .4, A\.' : _2 / 3. t-.L F.: : 
1 / -.:.. . F F' : + , S\lP: +, Eic! · : C:l e~r 
•4:- 3.75- 1.00>-: 180 
- 3.75- 1.00 X 180 
•7 : - 4.00- 1.00 ~: 007 2(J/2(t 
- 3.75 - 1.00 X 007 20/20 
11 12 1::. OS hyper 
# 148: - 3 .75 w. ·C:yl . 
- 3.50 W. c:yl. 
20/20 
2(t / 2(t 
• 1 SB: 6 ~:-:o 
PPA: - 9.00 ~.IPA · - (! lr:: f I., . ·• · . t ._J 
Ar/Asd (cm)/Phor- ia~: : 1 D: 9(' ./ :. ~· · -: (• 
2 D 46 / :, e;-:: o 
3 D: ;. 1 / ? e:::c. 
Keratornetry: 42.25 / 43.50 (g.· 090 
(LIP OD) 
A: t"'lyopic, WT~~ · astigmat ·vvith healU'ty ocular and visual ~: y::.terns: . Gc.od 
candidate: 
P: Acce~rt as sub_iect for proJect. 
Dennis: L. Smith .. O.D: 
. 1":1 ...... ~- ... • "' ~ ' ·• (\ &. t"'Oll~lll "LI . . IVLI 
Age: 2l 
V.A. 20/40 (OD) 20/40 (0~;) 
Hetritual P . ,: - 4.75 DS OU 
(I 
5: Eval. for reseflrcll proJect; no cornpJ;:!int~: ot t·Jeddflcl·te:::. a~:thenopH:~ .. 
,jiplopio9, or re,juced VA at di~:tancP or ne;:.r 
0. r-·LEx· C;..r·r~ c·or·]· ~·cl L1. ;~.- l ac·t· pc LP.r·,q:.·- · L-·1· ""t-
.:;::. . '·' t., '· . , .:. . , U-:·, - •. '-·-·, -· ·-·---:· . . ~·.J . AC: Deep 8t'11j quiet 
TAG: 16/ 16 rnrn Hg 
Ophthal.: CD: .3 . AV: 2.t'l, ALR: 1/ 3, FP • ~; '·./P: + Eick : Clear 
11 4: - 5.00 DS. OU 
11 7: - 5.25 D~; DU 20/20 #ti . 2 e~:o 11 12: ortho 
PRA: - 9.75 NPA: - 2.00 (LIP OD) 
A1./ A8d (cm)/F'horias: l D: 96 / 4 e:::: c• 
2 D: 46 / 6 e :·< o 
'7; [J · ~ 1 i : .-. •. ,-1 
..... . ..  ) ,• ( c. ,··· ,;~ 
Keratometry: 41 .50 / 42.00 @· 090 
P: Accept as subjec t for project 
Dennis L. ~;rnith . O.D. 
Potlent No.: 107 
Age: 18 
Htt:Hufll R .. : None 
" 
\ 1 A · ·")()/r'tJ' i'L-1[1 ··, · ~··() 11 ~'(' Inc ··, 'I . . ' ._ ... " •. ' J - "' - v •• - ._1 J 
S: Eval. for re~: earch project ; no cornpla1nf.::. C•f hAadache-:: .. ;:J~J.henopie, 
,jlplopii3, or reducetj VA at ,ji~:: t5nct> or ru? ;jr 
0 ·r-·LE'' [rr·r· ·L-:-r·]· Srj Ll.d' L·-L·pr L·r·c-- Cle~r· : -:• ;.,: .•J I, .IJ 1_ .. , ~ ,_: ., ;:: , . ij ~:-.:11 . :-, 1:' 1 .• :1:'~:: -· .• _. . AC : Deep an,j quiet. 
TAG: 13/1 irnm Hg 
Clph+hQ]· (['1· r, A ~l · 2 t t.. u .. · · . L .• HV . '!. ' 
~~ 4: • o.5o - o.25 ~: 1 c•o ou 
11 7: pl - o.25 x 1 eo 20.120 
r1] 0 c -~· (_ .. 1./ -:::' (._ . 1 
1- · -· -
11 148: + 1.50 w. cyl 
+ 1.50DS 
F'J;:A : - 1.75 
'"Jn;·-~·o ~ .... L 
20/20 
NPA: + 3 1)(1 
1 [) q(l / -') P.~' il 
o - ~ f 4o. - I I -
2 D: 45 / 4 e ::.; o 
3 D: 3 1 / 6 e :::: o 
Keratornetry: 41 .75 / 42 .5Ct @· ogc, 
EicY . Clear 
11 C! ortho 11 12: ortho 
# 11:6' · 
._l ' · 7 e:.:o 
(LIP OD) 
A: Emmetrope vvitt·, healt1'1y ocular and '·:'isual systern~; . Good candidate . 
P: ,.:J,c;::ept e.s: sut1_iec:t for pr·o_iect. 
· Dennis L. ~; rni t.h, O.D. 
Potlent No.: 108 
AQe: 19 
... 
'v'.A:: 20/20 (OD) 20/20 (0~;) 
Hebituel R.,: - 5.00- 0.75 ~~ 173 / + 1.2':· ~;T - 2f3 
,\ 
- 5.oo - 1.00 >; o 1 o / + 1.25 ~;T - 2c· 
S: Eval. for· re:c:earcl"i pr-oJect.; no cornp1•:1int.:::. of reG:.ic.e,j 'v'A •:~i. tJist.ance or 
near. Occasional diplopia, ·er11j t·,e;:;,jac:t"te v·nt.h fat.lgue 
0: SLEx: Corn ... Con_t... Scl. .. Lids .. La~:he~:. Len·::e·::: Cie.:;r·. AC Deep and quiet 
TAG: 9/10 rnm Hg 
Ophthal.: CD: .25, AV: 213 , ALP: 1/ 3 , FP:" :://P. ... Bck .. Clear 
11 4: - 4.50- 0.50 >:: 160 ou 
"'7: - 4.75 - 0.50 X 175 20/15 "'f.t: 3 e>::o "'12: ortho 
- 4.75 - 0.75 :>:: 015 20/1:, 
"'148: - 3.75. ·o~v·. cyl OU 20/20 "'158: 9 exo 
PRA: - 14.00 NPA: - 1.50 (L IF' DD) 
Ar/ Asd {crn)/Ptwrias: . 1 D: 98 / 4 e>::o 
2 D: 45 / 5 e;.::o 
3 D: 32 / 6 e>=:o 
l<eretometry: 43.75 / 45.00 (9:• 09:2 OU 
A: f'1orj. myopic, V·/TR astigmat vdH1 t·,eaJtt·,y ocular and visual systems. 
Good cendfdate. 
P: Accept as subject for pro_iec:t 
Dennis L. Smith, O.D. 
,..,__.,, .;,,..~.• ....... ' t "'" 
r •:J l I t' I I l I~ L'.. I 'f:f 
Age 25 · 
\1 • · -"J(I/)(t (fl[·r· ·~·(',I~.•(, iL-,c-··, 
't' ' A . . L .... ' ~ ·-· I , - ' ) ..... ·- · I 4 ... '· ._1 } 
- 3.00 - 0.50 X 043 
S: Evel . for· re:::earc:r-1 proJect .: no cornpli:Jint:: of heajjjjche:~: .. aMhenopit~. 
diplopia .. or re-duce,j VA at di::::tance or near. 
0- r·LE''· L-·or·r· c-·r,r·l· cr·J Ll·,j··· . L~·-·t·r.c L·r·,q:.··· · rlP.<>r· • :- ;.._ . . ... I .. • \..1 i· •. }· ·=' ... . .• .:·.. 'J ·=· I r.:- ..... . . t::' ........ .:· . -· ... u . AC Deep eruj Ql.net 
T.r. : 13/14rnmHq 
.A.• " 
. 
1-lr lllh"'l l-'[l· -;· ~ ··· ~ 1 · ;;· 1 
.- •• .I ' I.J •• • •. 4. ·-' ,t H ••• . ,I 3) I. I p 1-\ ~ . · .. i I 17, 
-· 
# 4: - 2.50 - 0.25 X 145 
- 2.50 - 0.2:, >1. 030 
#7: - 2.75 - 0.2:, }<: 14'5 2(i/2(1 
- 2.75 - 0.25 X 030 20/20 
• 14B: - 1.75 W. cyl. OU 20/20 
PF.'A: - 10.25 NPA: + 0.75 
A /AI (c·r·r• 'i/F'I-IOrl· ~:..::.. 1 D·. r_ .... 'j_=·, .i L"tt.·tt',fl. "r· Sd • .. •; I~ u,.•. . - -
2 D: 50 / 2 e~w 
3D: 33 / 6 e>w 
veretornetry: 4S.e•2 / 47 .00 •?· 090 ou 
+ Etck .: Clear } 
# 12: ort.ho 
# 1 :.Ei: ortho 
(L IF' (l[t) 
A: r--lyope witr, healtt·,y ocular end visual systems. Good candidate. 
P: Accept a~: sut,Ject for· proJect. 
Denni~: L. Smith, O.D. 
1"1 ........... ,.,,., .• • (', 
r"Oll~lll I'W .. I IV 
Age: 31 
\ 1.1• ... 20/ 15 (O[J) 20 / 15 ((I~;) 
- 5.00 - 0. 25 ;: 036 
5: Eva!. for research pr-oJect, no CC'f"r"!~'l ·:i ·· n t.:: . c·f t·te;:Jrjache::, a::.tJtenopla , 
di pl opi e, or- reduced VA et. d1 ~: tancr:: or net~r. 
0: SLE:~: Corn ... Conj., Scl .. Lid::, La~:t1e:: .. Lem:e~: : Clear. AC : Deep end quiet 
TAG: l ':a/\ 4 rnrn Hg 
. ~, 
Oph t"'"', · co· 4· ·. A1/· L' 
·• •u • .. ._ . : I ' • •':!, ·' 
crescents 
# 4: - 4.00 - 0 .75 ;..-~ 08':· 
- 5.00 - 0.25 X 030 
•7: - 4.00 - 0,50 }: 085 
- 5.00 OS 
• 14B: - 3.00 w. cyl. 
- 4.00 w. cyl . 
F'F:A: - 9.00 
ALP: 1 I FP + I ~ •. • 
20/15 
20 I 15 
20/20 
20/20 
rm:o l•,. _ 1 ( :(i "11F. :--1 . I .. • 
Ar/ Asd (crn)/Phorias: . 1 D: 97 ./ :..· e::: cr 
2 D: 47 ./ e, e:::o 
?:· D: 33 / 1 o e~: o 
Ken~tornetry : 42. t 2 / 42.57 @ 090 DU 
SVP: ... , Bck .. t·1!-JGpic 
#8: 1 exo • 12: orttw 
• 156: 6 8/W 
(L IF' DD) 
A: t·Jyopi c ATR aMi grnat V\·'itb l"ie;:; 1 U!!d ocular- ar·rrj \-'i :::ua 1 :::~~: terns. Good 
car-11ji date . 
P: Accept as suttJ.eC:t for· project. 
Dennis L. Strri th, O.D. 
Pot i ent No.: 1 1 1 
Age: 31 
V.A.: 20/15 (OD) 20/15 {0:;;) 
S: Eval. for reseerc:h proJect; no complaint~: of ~teadt~ct·~e~:~ f.:l8thenopie, 
diplopia .. or reduced '·./A at di~::tance or near·. 
0: ~lEx: Corn ... ConL Scl ... Lid~: .. ~a~:he::: .. Lense~:: Cletu-. AC: De£~p and quiet 
TAG: 12/12 mm Hg 
11 4: + 0.50 - 0.25 ><: 1 GO OU 
11 7: pl D~; OU 20/15 OU 11 12: ortho 
# 146: + 1.00 [l~; ou 20/20 11 15Ei: ort.ho 
PRA: - 3.25 NRA: + 2.00 
Ar/ Asd (crn)/Phori as: 1 D: 96 / ort.ho 
2 D: 45 / 2 e;,:o 
3 D: 30 / 6 e:,::o 
Keratornetry: 44.50 DS ou 
(LIP OD) 
A: Erntrtetro~'e vv·itJ~-t·tealt~~y ocu1ar and visual systern~: . Good candidate. 
P: Accept as subject for pr-oject. 
Dennis L. Srr'titJt, O.D. 
Age: 29 
V.A.: 20/20 (OD) 20/25 (0~;) 
S: Eval. for- researc:t-1 pro_iect; no c:onw1aints of hecpjache~:. a~:tr,enop1o, 
diplopia, or reduced VA et. distance or near. 
0: SLE::-t.: Com., Conj., Scl., L ilj~:, ~as he~:: Len~::P:::· Clear AC Deep and quiet 
TAG: 12/11 mmHg 
Ophthal.: CD: .3/.4, AV: 2 / 3 , ALR 1 /z,, FP: +, SVP: +, Bck.: Clear 
11 4: - 6.25 D~; 
- 6.50 - 0.25 X 035 
11 7: :.. 6.00 - 0.25 X 035 20/20 
- 6.75 - 0.50 1: 040 20/2(:1 
# 148: - 5.00 w. cyl. 20/20 
- 5.75 w. qjl . 20/20 
... 
PRA: - 10.75 NPA: - 2.7:, 
Ar/ Asd (crn)/Phori as: 1 D: 95 / 6 e·::o 
2 D: 46/ 5 eso 
3 D: 3·3'· / 1 eso 
Keratornetry: 44.37 / 44.25 @:' OBB 
44.75 / 44.137 @ 107 
P: Accept as ~:ut; ject for project. 
Dennis L. Smith .. O.D. 
•c;: 3 eso 
11 15E'· · 7 · • '· ~) eso 




V.A.: 20/15 (OD) 20/15 (OS) 
Hobituol Rx: - 1.25 - 0.50 ~: 1 BO 
- 3.oo - o.2s x 1 eo 
5: Eval. for tce~:earch proJect; no cornph:llnt.f: of headache:;, e~:lhenop1a. 
diplopia, or r-educed VA at distance or near. 
0: SLEx: Corn., Conj., Scl ... Lidf:, Lao::he::: .. Lem.e:::: Cle6r-. AC: Deep and Quiet 
TAG: 1 4/ 15 mrn Hg 
Ophthal .: CD: .3/.25, AV : 2 / 3, ALP: 11z.., FP: +, SVP: + Bck.: Cleor 
#4: - 1.50- 0.75 X 180 
- 3.00 - 0.25 X 180 
#7: - 1.75 - 0.50 X 175 20/ 1 ~I 
- 3.25 OS 20/15 
# 148: - 1.75 w. cyl. 20120 
- 3.25 OS 20120 
PRA: - 6.00 NRA: + 0.50 
Ar/ Asd (crn)/Phorias: 1 D: 98 I ortho 
.., D· 4o I 7 r.··r· 
.£.. • • 1_1 ....) r; ,;:, .,1 
7 o· -::-r I 6 e··L-, 
._) , .;) ·~) • ,xl 
Keratometry: 42.37 I 44.00 @' 090 
42.75 I 44.00 @ 090 
P: Accept as subject for project. 
Dennis L. Smith, O.D. 
# 12: ortho 
# 158: 2 e~:o 
(LI F' OD) 
n .... • • ........ , "'" . t t A iOLit:.lll 1-.u .. I 1'-t 
Age: 24 
V.A.: 20/20 (DD) 20/20 (0~;) 
Hobituol Rx: - 1.75- 0.50 x 11 Ei 
- 1 75 D':; 
S: Eval. for research pr-oJect; no cornpleint.::. of headache::;_. a:::tru?nopie .. 
diplop1a, or reduced VA at distance or near, 
0: SLEw Corn., Conj., Scl., Lids, Last·1es, Lenses: Clear. AC: [lf?ep and quiet 
T ACi: 13/ 13 mrn Hg 
Ophthal.: CD: .35, AV: 2 /.2, ALR: 
.... 
FP: +, SVP: + Bck .. Clear 
#4: - 2.00- 0.50 X 095 
- 1.50 DS 
#7: - 1.75 - 0.75 X OE17 20/20 
- 1.75 DS 20/20 
• 148: - 0.75 w. cyl. 
- 0.75 DS 
PRA: - 4,75 
20/20 
20/20 
NRA: + 1.25 
Ar/ Asd (cm)/Phori as: 1 D: 96 / 6 e:><:o 
2 D: 47 l 7 e>::o 
3, D: 33 I 7 e>w 
Keratornetry: 44.00 / 43.75 @ 090 ou 
#8: 2 e>::o #12: ortho 
# 158: 8 exo 
(LIP OD) 
A: Myope wah ~1ea1thy ocular and visual systems. Good candidate. 
P: Accept as subject for proJect. 
Dennis L. Smith, O.D. 
P6t1ent No.: 115 
Age: 30 
V.A.: 20/20 (OD) 20/20 (OS) 
H6bituel Rx: - 0.25 - 1.00 x 090 
- 0.75 - 0.75 X 090 
S: Eval. fo r research project; no cornplainl!:: of headache~;, at;thenopia, 
diplopia, or reduced VA at. d1stance or near. 
0: SLEx: Corn., ConL Set., lid<::, Las;:he!:, Lens;:e:::: Clear. AC: Deep and quiet 
TAG: 12/13 mm Hg 
Ophthol .: CD: .3, AV: 21-l-, ALR: 1/ 3, FR: +, SVP: +, 8ck.: Clear 
#4: + 0.25- 1.00 X 090 
pl - 0.75 X 090 
#7: pl - 1.00 X 096 
- 0.25 - 0.75 X 084 
# 148: + 1.00 w. cyl . 
+ 0.75 w. cyl . 





NRA: + ?:·.00 
Ar/ Asd (cm)/Phorias: 1 D: 96 l 2 exo 
2 D: 46 / 3 e >::o 
3 D: 33 I 5 e>~o 
Keratometry: · 44.75 I 43.75 @• 090 ou 
# ~'"o··. l ecr, 
.... -
11 12: ortho 
# 158: 3 exo 
(LIP OD) 
A: ATR astlgrnat with healthy CtCUlor and vi~:ual system~;. C~ocuj candidate. 
P: Accept as sub jed for project. 
Dennis L. Smith, O.D. 
• 
Patient No.: 116 
Age: 30 
V.A .: 20/20 (OD) 20/20 (OS) 
S: Eval. forresearch pro_iect; no complaints of headact1es, asthenopia, 
dip l opi e, or reduced VA at di~;f.ance or near. OCt f1 oater. 
0: SLEx: Corn., Con.L Scl ., Lids, Le~;hes, Lenses: Clear. AC: Deep and quiet 
TAG: 17/1 7 mm Hg 
Ophthal.: CD: .2, . AV: 213 , ALR: 113, FP: +, SVP: +, Bck.: Clear 
11 4: - 0.25 DS 
- 0.50 DS 
#7: pl - 0.25 X Q90 20/20 
- 0.25 - 0.25 X 075 20/20 
• 148: + 0.50 w.; cyl. 
+ 0.25 w. cyl. 
PRA: - 4.75 
20/20 • 158: 6 exo 
20/20 
NRA: + 3.00 (LIP OD) 
Ar/ Asd (crn)/Phori fit:: 1 D: 98 I 2 e:·:c. 
2 0: 49 l 5 exo 
3 0: 33 I 7 exo 
Keratornetry: 43.50 /43.75 @ 090 ou 
# 12: ort.ho 
A: Emmetrope wah heaar,y ocular and visual systems. Good candidate. 
P: Accept as subJect for proJect. 
Denn1s L. Smith, O.D. · 
Appendix 7 .. Data 
Time Key 
~ (from instillation of 2 gtts. 1 o/o cycloplentolate) 
A Noncycloplegic Conditions 
B 5 minutes 
c 15 minutes 
D 25 minutes 
E 35 minutes 
F 45 minutes 
G 60 minutes 
••••••••••••••••••o•oouooo,oooooooooooooooooooooooooooloooouooooouooooooooooo o••l•o••••••o•oooooooooooooooooiooooouoooooooo ooooooooooool,,,,,,,,.,,. .. ,.,.,,,,,,.,,!,,,,,,, .. ,,,, .. ,,,, .. ,,,, .. l,, .. ~uoooooouuououooool.,,,,.,,,,,,,,,noooooooou 
! ! 1 101 -A ! ! l · ! ~ 
:::::::::::~::::::::::::::r::::::::::::::::::::::::::r:::::::::~::::::::::::::r::::::::::::::::::::::::::r:::::::::::::::::::::::::::r::::::::::::::~:::::::::::r::::::~::::::::::::::r:::::::~:~::~:::::::r:::::::::::::::~:::::::· 
l Tza ! Tac 1 Tl ! Tvc l ~Tza ! ~Tac ! ~Tl ! 6Tvc 
oo•oooooooooooooooooooooooo.oooooooouooooouooooooooto.oooooooooooo~oooooooooooooo.ooooooouoooooooooouoooooo.toooooooonooooOOoooooooooo.ooooooooootooooooooooo .. ooo.Uoo•uUoouoOUoOOOooOOOO.oooooonhooonoonoooooUo.oooooooOoUooouuoouohoo 
..... -~!1-~.~~ ........ l ....... ?..~.:?. .......... t ....... ~:.~ ........... J ....... ~ ... ~ ............ r ...... .t~.:~ .......... l ........................... l ......................... ..l .......................... J ......................... . 
1 23.7 ! 3.4 ! 3.4 i . 16.~ ! l ! i 
,.,. ... ,.,,,,,,.,,,,,, ........ ,,,,,., ..... , • .,,,,., • .,,., .... ,,.,.,.._, ....... ~•~••••••oooonuooooooooooooou.ooooooooooouoooooooo••••••••••oooooooooououoooooo••••••••• .. oou•oo••••••••••oo••-·••••••oooooo•onooooooo•••••oon•••ooooooooooooooooo 
1 23.7 ;· 3.3 ; 3.5 i. 16.9 i i ! ; 
....................................................... ~ .................................................................................................................................................................................................... . 
..... ~.'!.!r..~9t ... L ..... ~.~.:! .......... L ........ ~:.~ ... ; ....... .l. ....... ~ ... ;,; ........... l. ...... ~ .. ~.:~ .......... l ........................... l ........................... L ......................... l. ......................... . 
r ........................... l ........................... l ........................... l ........................... i ........................... l ........................... l ............ _ .. ~...... u .. l.~ ......................... l ......................... .. 
f-..... ~!~.~~.~.Y ... ...l ....... ~.~.:?. .......... L. ..... ~:.~ ............ L ...... ~ ... ~ ............ l.. ..... ~ .. ~.:~ .......... l ........ Q.-.Q .......... ..l ....... :.QJ: ....... ...l ....... 9.:.L.. ..... ...l ........ Q.-.Q .......... .. 
. 1 23 .7 . i 3.4 i 3.5 i 16.8 i 0.0 i -o.1 i 0.0 i 0.1 
................................................................................................................................................................................................... ~ ........................................................ .. 
! 23.7 l 3.3 ! 3.5 i 16.~ ! 0.0 ! 0.0 l 0.0 ! 0.0 
.................................................................... ~ .................................. ~ .................................................................................................................................................. . 
_ ... ~.Y..~r..~.9.! ... l ....... ?..~.:.?.. ......... L ..... ~ ... ~ ...... ~ ..... l ........ ~.:~ .......... ..l ....... ~ .. ~.:~ .......... r ........ Q~Q ............ L ..... ~Q ... 9 ........... J .... _ .. 9. ... Q ............ L ...... 9.:9. .......... .. 
~ : I . : : : : : 
. : : : . : : : : . : 
............................................................................................................................................................................................................................................................ 
1.0 i 23.7 i 3.3 l 3.6 i 16.8 ! 0.0 i 0.0 i -o.1 i 0.1 
............................................................................................................................................................................................ -.............................................................. . 
l 23.7 ! . 3.3 l 3.6 i 16.8 l 0.0 . ! 0.0 l -0.1 ! 0.1 
.................................................. " .................................................................................................................................... _ ...................... -........................................... . 
i 23.7 i 3.4 i 3.5 i 16.8 i 0.0 i -0.1 i 0.0 i 0.1 
...................................................................................................................... ~ ....................................... .-................................................................................... _ ... , .. ~ .... .. 
.... ~.Y.!r..~9.! .... ~ ....... ?~.:?.. ... -.. ·~""'"'"~:.~ ............ ~ ........ ~ .. ·-~ ........... ~ ....... t~.:~ .......... ~ ........ Q ... Q ............ ~ ........ Q .. 9. ............ ~ ........ :.Q.:.L ........ ~ ......... Q ...~ ............ . 
i : : : : : : : 
............................................................................................................................................................................................................................................................. 
2D l 23.7 l 3.3 l 3.6 i 16.6 l 0.0 l 0.0 ·~ -0.1 l 0.1 
.............................. h ............................................................................................................................................................... - .............................................................. . 
l 23.7 l 3.2 l 3.7 l 16.9 1 0.0 1 0.1 i -o.2 1 0.1 
........................... (-······""""""' ................................................................... , ................................................................................................................................................... . 
l 2!.8 ! 3.! l 3.6 l 16.9 l 0.0 l 0.0 . ! -0.1 ! 0.1 
................................................................................................................................................................................................................................................................. 
..... ~x~r.~9.! .... L. ... f.~.:?. .......... l ... ; .... ~ ... ~ ............ L. ..... ~ .. § ............ l.. ... J§.:~ .......... L .... _9. .. .9. .......... ..l ........ Q ... ~ ............. L .... :.Q.:? ........... L. ..... Q.:L ........ _ 
~ ! ~ ~ ~ ~ ~ ! 
............................................................................................................................................................................................................................................................... 
3D i 23.7 i 3.2 i 3.6 i 16.9 1 0.0 i 0.1 ! -0.1 i 0.0 
....................................................................................................................................................................................................................... 4 ...... - ............................ .. 
! 23.7 l ·. 3.2 1 3.6 l 16.~ l 0.0 i 0.1 L -0.1 · ! 0.0 
......................................................................................................................................................................................... -.... -........................................................... ... 
; 23.7 ; 3.2 i 3.7 i 16.8 1 o.o i 0.1 r -0.2 i 0.1 
•••••ooooouo.ooooooooo••••+oooooooouoooo•oootooou•oo+•noooooooooooooooooooo••oot••oouooooouoooooooooouoo+••••••••••o•oouooooo•ooooo.ooooooooo••oooooooooooO•ooo+••••oooooooooooooooo••ouoo+•-•~oooouooooonnooooooo•+••ooooo•ooooooooo•ooooooooo 
..... ~."!".~r..~9.!.J .... -.~~.:?. .......... l ........ ~:.~ ........... l ........ ~ ... ~ ............ L .... .t~:~ .......... l ........ Q .. .Q ............ L. ..... Q:.L .......... L .... :.Q.~~ ........ l ........ Q .. .Q ..... _ .... . 
i i" i i i i i i 
. . 
ooooooooooooooooooooooooonf.oooooooooooooouooooouuuf,oooooooooooooooooooooooooool•••••••••••••••••••••••••U+•••••••••••••••••••••••••••+••••••uoou••••••••ooooooof,oooooooooooouooouoooooou.f,ouuooooooonoo•o••uooo•o!oouooooooooooooouooOonn 
. ~ ~ 1 1 o 1 -c ! ! 1 ! i 
oooouoooooooooooouououo.oouoouuooOoooooooUooooo .... oooooo o oooohoooOooooooooo.Ooooo o ooo-ooooooooooooooo•••••••ooooooouooo oooooooooo.ooooooooooooooooooooooooooo.oooooooooooooO<ouuoOoOo•••••••ooooooooooo..,MOOU00640 .. 00UO--ooooououooooooo 
i i . ~ i i i . ~ i 
oooooooooooooohUoooonu•+••oooooooooouooooooouoooo+••••••••ooo oouoooooooooooo+oooooooouooooooooooooo o oOo.oooooooooooooooo•oo•••~••••+•••••••••'''"''''''''''''''(>oooouoooonnooooooooooooo.uouooooouooooooo•t•4•u+ooooooOooooo•Uoooooooonu 
· l lza l lac: l ll l lve: l t.lza l Alae l ll.ll l Alvc 
ouuuooooouoouooooooopo6oouuooooooooooooooooooooo.ooooooouoooooooooooooooou+oooooouuooo••••••••••• • •••••••••••••oo••••·••••••••••6oooooooooo•oooooooooo oooooo.ooohooooooouooooooo•o•t•••"''"""nooo~ooooouooooo.uooo9oootuooooooonnoon 
....... £Y.~J!:' ........ l ....... 7..~.:?. ......... .l. ..... ,.~ ... ?. ............ l ........ ~ ... ~ ............ i....... ~ .. ~.:~ .......... i. ......................... J .......................... i.. ......... : ............... L ........ _ ............... .. 
i 23.7 i 3.4 l 3.4 l 1€- .<J l l l . i 
............ -................................................................................................................................................................................................................................................ _ 
i 23.7 i 3.3 l 3.5 l 16.9 l l i i 
oooOOOOOOOUOOoot•••••ooooo+•••OUototoo•oooOoooooooooo+ooooooo~uoooooooo••Uooooo+••••••'-••••oOOOooofooo;oooo(••••••••••••••••••••••••••••+•IO•oooooooooooooooooooouo+••••••oouooooOooooooooooo•+••Uoo~oootooooooooooooon+uooooooooouoouooOnuuo A . 27 7 . 7 3 ' 3"" . 16 9 . . . . 
....... ::(.!r..~9.! .... l.. ........ ~.: ............. L ...... :o:-:: ............... ~ ........... :.~ ............ i.. ........... :.: ........... L ......................... L ......................... L ......................... i .......................... . 
i i i i i i i i 
....................................................... + .......................................................................................................................................... ~ ............................ - ...... ._ __ .................. .. 
... J~!~.~~.~.~ ...... l ....... ~.~.:?. .......... l ........ ~ ... ~ ............ l ........ ~ ... ~ ............ L ... ) .. ~.:~ .......... L ...... Q.-.Q ........... :l ........ Q .. .Q ............ L ....... P. .. .Q ............ l. ....... P. .. .Q .......... .. 
l 23.7 l 3.3 l 3.5 l 16.9 i 0.0 l 0.0 l 0.0 i 0.0 
UOoOOOO"OO•oooooooooooooo+nooooooooooooooooooooooooo+ooooooooooooooooooooooooooo+oooooooooooooooooooooOOOOOO.ooonhooooooooOO••••••••••+••ouoooooOoo4000oounnn+ooooooooooooooooooooooooo~O• •.uoooouoooooo..,oooooooooo.nU•oooo.oooooooooooooooooo 
! 23.7 ! 3.4 ! 3.4 ! 16.~ ! 0.(1 ! -0.1 l 0.1 ! 0.0 
..................... -..................................................................................................................................................................... ~ .................................................................... . 
Ann~ i 23.7 . i . 3.3 i 3.5 i 16.9 i 0.0 i 0.0 i 0.0 i 0.0 
................ . ,,.: ........................................................................................... (!- ......................................................................................................................................... .. 
........................... i ........................... l ........................... l ........................... l ........................... l ........................... l ........................... l .. ~.~· ..................... l .......................... . 
1[) i 23.7 . i 3.3 i 3.5 i 16.9 i 0.0 i 0.0 i 0.0 i 0.0 
............................................................. ~ ...................................................................................................................................................... _ ...................................... . 
i 23.7 l .3.2 l. 3.6 ! 16.~ l 0.0 l 0.1 l -o.1 i 0.0 
... ................................................ wuo ..................................................................... ............................................................................................................................... .. 
i 23.7 ~ 3.3 l 3.6 i 16.9 l 0.0 i 0.0 . i -0.1 i 0.1 
.............................................................................................................................................. ~ .......... ~ ..................................................................................... -........... .. 
..... ~.Y.~r..~9.~ .... l ....... 7..~.:?. .......... l. ....... ~ ... ~ ............ l ........ ~ ... ~ ............ l.. ..... J ..~.:~ .......... L ...... Q .. Q ............ l ....... .P. ... L, ......... l.. ..... :.Q.:.t ......... l.. ...... Q ... Q .......... . 
: : . : : : : . : : 
: t : .; : : . : ; 
...................................................................................................................................................................................................... .. <Qo . ..................................................... . 
21> ! 23.7 1 3.2 ! 3.5 ~ 17.0 l 0.0 l 0.1 l 0.0 l -0.1 
............................................................. " .............................................................................................................................................................................................. .. 
i 23.7 l 3.3 i 3.5 i 16.~ i 0.0 i 0.0 l 0.0 i 0.0 
oooooooooooooooooooooooooo•+••oooooooooooooooooooooo.n+•ooooooooooooooooooooooooo•+•••oooooooooooooooooooo••••fo••oo•""""'*"''"""''••+ooooooooooooooonouooooooo.oouooooooooo•ooooooooooOoo+ooooooooouoouoooooooooooooO-oooooooooooooooooooouooooo 
! 23.7 l 3.2 l 3.6 ! 16.9 ~ 0.0 l (1.1 i -0.1 l 0.0 
:::::~~:!r.:~9!::::r::::::~I?.::::::::::r::::::~:~?:::::::::::r::::::~:.:~:::::::::::r::::I(~::::::::::r::::::9.:~~c::::::::r::::Jn:::::::::::r:::::::~r:r::::::::::::::::Q;Q.::::::::::: 
~ t ~ : ~ : ~ : 
: : ' : ; : : : : 
............................................................................................................................................................................................................................................................. 
30 i 23.7 l 3.2 l 3.6 i 16.9 i 0.0 i 0.1 i -0.1 i 0.0 
••••••••••ooooh""'"'""'••noooooooooooooooooo~ooHo+oooooo.ooooooooooo••ooooooo+•"*"'"'""''"''"''''"'+""''"'u'''''""""'""'+''"*"""''""""'""""+"'"'"'"""""""''''"+'"'"'"" "''·""""nooooo .. oooooooo~ooo4oooouoooooooo 
! 23.7 l 3.2 i 3.6 !" 16.9 l 0.0 l 0.1 l -0.1 i 0.0 
.,..,._, ..... , .. ,., .. , .,,,_ •• ,,,., • .,.,,..,.,,,,.,.,.,,. •••• ,,.,,.,., •• , , ,.,.,,.,,., ... ,,.,,., • .,,., . ................... ,,,,,,,., ,, ,,.,,,.,..,., ., •• ,.,.,.,.,.,,.,.,.,..,,.,,,.,., .. _.,.,,,,.,.,., ... ,,,_.,.,.,,., .... .,,,.,.u .. ooooo'ooooooooo"'"""•""• 
l 23.7 l 3.2 l 3.6 i 16.9 ~ 0.0 1 0.1 l -0.1 i 0.0 
o • ., •• ,,..,,,.,,.,.,, .. ,,, ••• ,.,,.,.,.,._,,..,,,.,.,,(>ooooooooouoo••••••••••"".'''''""''""'''"'''""".'"""'""'"''""''''''''oC-n•ooooo"""""•""''""'+nooooooooooooooooo•ooooo••+•oo••••oooooooooooooooo••oo+ooooooooooooooooouuoooo•• 
..... ~.Y.~r..~9.! ... ~ ..... ..?..~.:I ......... ~ ........ ~:.? ............ ~ ........ ~& ............ ~ ....... H:.:~ .......... ~ ........ Q,..Q ............ ~ ........ Q:.~ .. , .......... ~ ....... :.Q.:.~ ........... ~ ..... M.Q:.Q ........... . 
; i ,i : : i i i 
........................... l ........................... i ........................... i ........................... l ........................... i ........................... l ............................ l~ ........................... i ...........................  
! i i 101 - B i i l i ! 
::::::::::::::::::::::::::r::::::::::::~::::::::::r::::::::::::::::::~::::::r:::::::::::::::::::::::::::r:::::::::::::::::::::::::::r:::::::::~~:::::::::::::r::::::::::::::~::~:::::I:::::::::::~::::::::::r.::::::::::::::::::::::: 
i Tza i Toe i Tl i Tvc l ATza l ATac ! · · All ! ATvc: 
............................................................................................................................................................................................................................................................ 
....... ~~.~.1~ ........ L ..... ?..~.:?. ........ ..l ........ ~ ... ~ ............ L ..... }.-.~ ............ l ....... ~ .. ~.:~ .......... i ......................... ..l ......................... J ........................... l.. ........................  
l 2~.7 l 3.4 l 3.4 l 1 E..~ l l i l 
............................................................................................................................................. ...................................................................................................... -......... . 
i 23.7 i 3.3 l 3.5 l 16.9 l l l l 
•n••••••••ooooooooooooauo+•••ooooooo•ooooouooooo•••••ooouooutoo;ooooooooou••••+••ouHuoooooooooo• •"''''+••••••••••••••••••oooo•••••+•ooooou .. oooo oouoouoooo•••••••oooooooooOoooooooooooo.onoooooooooooouooooootooofo-•uoo .. utoMtooooooooooo 
..... ~!.!r..~9.! .... ~ ....... ~.~.:?. .......... ~ .. ;~, ... ~ ... ~ ............ ~ ........ ~ ... ~ ....... : .... ~ ....... ~ .. ~.:~ .......... ~ .......... " ............... ~ ........................... ~ ........................... ~ ......................... .. 
i ; : i : ; i : 
.......................................................................................................................................................................................... , ................................................................. .. 
...... ~!i.':!~.!.~ ...... L ..... ~.~.:?. .......... L. ..... ~ ... ~ ............ L ...... ~ ... ~ ....... : .... l.. .. J .. ~.:2 .......... L ...... Q .. .Q ............ L ..... Q .. Q ............ L ...... Q.:9 ............ L ...... 9JL ....... .. 
i 23.7 l 3.4 i 3.5 l 16.8 l 0.1 . l -0.1 i 0.0 i 0.2 
oooooooooooouuohoooooooo ... oo ... oooooauooooouoooo•oo.Uoootthoouoooooooooooon+•••••o•oooooooo•••• ,•••o•oo•+•uoooooooooooooooooooooo••+•••ooooottNOttthooooooooo+••••••••toooooooooooooooooo+uooooooouoo.,.oooutuoou•••-ooooooooooooonooooooot 
! 23.7 ! 3.3 ! 3.5 l 16.~ ! 0.0 l 0.0 ! 0.0 l 0.0 
.............................................................................................................................................................................................................................................................. 
~ .. ~.!.!r..~.9.! .... L. .... ~.~.:?. .......... L ...... ~.:~ ............ L. .... I·.~ ............ L .... ~ .. ~.:~ .......... L. ..... Q:P. ........... .L ...... 9.:9. .. : ...... ..l ........ Q .. .Q ............ L. ..... Q ... L ......... . 
: : : . ; : : . : : 
: : : : : : : : 
............................................................................................................................................................................................................................................................ 
1D · i 23.7 i 3.4 i 3.6 i 16.7 i 0.0 .l -0.1 i -0.1 l 0.2 
tooottofoooooooooooooooooooOoottUUOO..,otoOOoouooooto.ftoOOooouooouoooooooooo04.oouotooooooooo••••o•oooooo.oooooooooooo.ooooooooooooOOO.oOOOOOOoo"•ooooooooooooooo .. oooooouooooto"outooHoo.oooooooo ____ , __ M..,o••••o-O<OOOHOtooooooooouooo 
l 23.7 i 3.3 ! 3.5 l 16.9 l 0.0 l 0.0 l 0.0 ! 0.0 
ooo••••oooouoouoooooooooo.ooot-ooooootoooooooooooooo.uuoouoooooo•••••••••••••••ooooooooouooooooo ooooo ooo4ouooooo••••••oooooHOoo•oo•••ooooooooo•o•ooooooooooooo.oooooooo•ooooooooootooooooo••••oot•••uuoooooo .. ooo .. o6otno ... ooooooooooooooooooo 
r 23.7 1 3.3 1 3.5 1 16.9 i o.o 1 o.o i .. o.o i o.o 
oooootoooooouooo•ooooooooo+u•u•ooootoooooo••••••uto.otoooooooooo•oooono•••••••+oooo•ouooooo•••oo•tooooooo+ouoooooooouoooooooo••••·•+•••••oo•••••••••••••••ooon+•••oooooooooooooooo-•o•uo+•uooooooooooooo•ooooo•••••+oooouooouoooooooooooooooo 
..... ~!.!r..~g.! .... t ...... ~.~.:?.. ......... t ...... J .. ·! ........... t ........ ~:.~ ........ ... t .... .J .. ~.:~ .......... t .......  Q:.9 ............ t ........ Q:9. ........ ~ .. t ....... :.9.1 ......... t ........ Q:.~ ........... .. 
: : : : : I : ; 
........................................................................................................................................................ u .............................................................................................. , ..... . 
2D l 2!.7 l 3.3 l 3.6 l 16.8 l 0.0 ! 0.0 l -0.1 l 0.1 
................................................................................................................................................................................................................................................................... 
i 23.7 t 3.3 1 3.6 1 16.8 i o.o i o.o i -0.1 1 0.1 
........................................ ~ .................................................................................................................................................................................................................... . 
i 2!.7 t 3.3 l 3.5 i 16.9 l 0.0 l 0.0 l . 0.0 ! 0.0 
............................................................................................................................................................................................................................................................ 
.... ~.~.!r..~9.~ .... L .... ~.~.I ....... ..i ........ ~.1 ........... r ........ ~ ... ~ ............ L. .... t~.:?. .......... L ...... Q:.9 ............ L ...... Q .. 9. ............ L. .... :9..:! .......... .i.-.... Q:1 ............ . 
••••u•-••uooooooooo ooooolo,oooooooootoooooooooooooool .... ~uoouo ~ouoooo••••u•l•••oooooou•••••~••• •••••••i•••••" ' '""'"'U••oo• oo ooloooooooooooouooooo .. oouuol . ... ., .. ,. ... , ....... , ... ,..i ...... , . ., ...... , .. , ....... l .... ,.,nooo~oooooooooooooo · 
3D i 23.7 i. 3.2 i 3.6 i · 16.9 l 0.0 i 0.1 i -0.1 i 0.0 
........................................................................................................................................................................................................................................... -.......... .. 
. ! 23~7 l !.2 t 3.6 ! 16.~ l 0.0 l 0.1 l -0.1 l 0.0 
........................................................................................................................................................................................................................... -. .............................. . 
l 23.7 ; 3.2 ! 3.6 l 16.9 ; o.o 1 o.t ; -0.1 i o.o 
...... - ................... .eo ....... .................................................................................................... . ..................................................... ................................................................ . 
..... ~.~.!r..~9t.J ....... ~~.:?. ........ ..l ...... J:.?.. ........... L ...... ~& ............ L ... ~ .. ~.:t ........ L. ..... Q:.9 ............ L ..... Q ... L .......... L ..... :.QJ ........... L .. " .. 9.:9. .......... . 
i ~ ~ i ~ i i ! 
........................... l ........................... i ............................ i ........................... l ........................... l ........................... l .......................... ~l ........................... l ......................... .. 
· ! ! · l 101 - D 1 l l l 1 
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1 Tza · l Tac l T1 l Tvc: l ATz:a 1 Alae l All 1 ATvc 
oooooooooo•oooooooouoooooo.uuoouououuooooooooooo.ouuooo~oouooooOooooooooo.oooooooouooooooooooooooooo•o•u•oooooooooooooootoooooo6oooo••••••onoouooooouooo.oooooouoooooooooooouoooo•••uooouuuooouuoo .. ou••••HU01Hoonoooo .. ooooou 
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